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THE PROBLEM

* THE NEXT WAR IS LIKE TO BE "COME AS YOU ARE," WITH LITTLE

TIME TO MOBILIZE AND TRAIN, THEREFORE HIGH COMBAT READI-

NESS IS CRITICAL.

0 YET WE FACE REDUCED COMBAT READINESS AND EFFECTIVENESS

CAUSED BY

TECHNOLOGICAL CHANGES:

--MORE, AND MORE COMPLEX NEW WEAPONS SYSTEMS (E.G.,

Tow, DRAGON, ROLAND)

--MORE TECHNOLOGY IN NON-COMBAT ACTIVITIES

SOCIETAL CHANGES:

--THE LABOR POOL IS SHRINKING

--MORE COM-PETITION FROM BUSINESS, INDUSTRY, AND WEL-

FARE

--HIGH TURNOVER OF PERSONNEL IN THE AR.ED SERVICES

--MORE NON-ENGLISH SPEAKERS

--FEWER PEOPLE WHO HAVE BEEN SUCCESSFUL ACADEMICALLY

ECONOmIc CHANGES:

-- PERSONNEL COSTS, EQUIPMENT AND AMM1,. UNITION COSTS,

TRAVEL COSTS, AND ECONOMIC INFLATION MAKE REALISTIC

TRAINING MOPE DIFFICULT.

-- TRAINING TIME HAS BEEN CUT.

0 MANY APPROACHES TO THESE PROBLE'.z ARE CALLED FOR, BUT IT

THE AREA OF TRAINING AND JOE AIDING, "MOE OF THE SA'':"'

ISN'T WORKING. .



THE"" . .LCCIU UuL.

I 1HE CURRENT PAPER AND LECTURE DELIVERY SYSTEM HAS NEARED THE

LIMITS OF ITS PRODUCTIVE CAPACITY,

--ONE SYMPTOMl: AN ENOPR'ioUS INCREASE IN QUNlTITY OF PRINTED

ATERI AL,

-- ANOTHER SY-PTON: UPDATING A .ANAL IN THE FIELD CAN
TAKE YEARS,

* BY ANALOGY, THE CURRNT N-NTERACTI\E P- A,.,N LECTURE DE_IVER),

SYSTEM IS LIKE THE PROPELLERAIRPLANE, FURTHER REFINEMENTS ARE

POSSIBL E, BUT WILL NOT PRODUCE MAJOR GAINS. ORDER OF MAGNITUDE

INCREASES IN PRODUCTIVITY ARE REQUIRED,

-- WITH AIRO.:APT, A:, ENTIRELY DIFFERENT APPROACH TO PROPULSION w'S

REQUIRED: THE JET,

T-&rH TR4NIz AND JOE AIDIN',: A SIMILAR BREAKTHROUGH IS REQUIRED:

INTERATIVE, ELECTRON;IC DELIVERY SYSTES*,

AMOUN;T

OF

WORKs

i80ci ].C)
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* HARD TECHNOLOGIES

-- CCt'PUTER CH IPS

-- OPTICA" .E'.M3RIES

-- SATELLITE N.,':D FIBER OPTIC COt.YJfICATION NETWORKS

* SoFT TECHNOLOGIES

-- CoMPREHENSIVE TEACHING AN LEAR,,ING MODELS, BASED O4 FINDINGS

FROM NU"EZROUS DISCIPLINES, -1

-- INCRSED UNDERST/A:DNG OF THE PROCESSES OF BRINGING ABOUT".

CiN.:= IN OR&,NIZATIONS,

* WITH ACTUAL EQUIPfMENT COSTS INCREASING, ELECTRONIC

DELIVERY SYSTEM COSTS FOR TRAINING AND JOB AIDING MAY

BE NEGLIGIBLE,

* AVAILABILITY OF ELECTRONICS AND SOFTWARE UTILITIES FOR

TRAINING IS REACHING THE TAKEOFF STAGE, WHERE ONE

DEVELOPIMENT FUELS THE NEXT.

NEW TECHNOLOGIES

18CQ T I t-.: 198C

- = .



PURPOSE OF THIS STUDY

QUALITATIVELY ANALYZE THE COST/EFFECTIVENESS FOR

ELECTRONIC DELIVERY SYSTEMS OF:

o COLOR, SHADING, AND GRAY SCALE

SriIOTION

* Sox:"

9 IMAGE QUALITY

I TE RACT I0:.

* ~h~ RE..... ""D E :ATUR=s

USE INFOR;,7ATI.N ASL.)TT THESE FEATURES TO REO:.t.E¢ DISPLAY ANgD

RESPONSE ALTzERFATIV-S FOR COtLfI CATIVE E....Y:c DELIVERY

S Y S TE

S-4



CRITERIA FOR

ELECTRONIC DELIVERY SYSTEMS

EFFECTIVE

* USER COMPREHENSION OF PRESENTED INFORMATION

g RATE OF COMPREHENSION

o RETENTION

O USER ACCEPTANCE AIND MOTIVATION

LOW COST
* HARDWARE ACQUISITION

o HARDWARE OWNERSHIP (RELIABILITY, AVAILABILITY,

MAINTAINABILITY)

* SOFTWARE AND COURSEWARE DEVELOPMENT

* SOFTWARE AND COURSEWARE UPDATE AND REVISIOn

HIGH BEiEFITS

* SIMDLICITY OF USE

* COMPATIBILITY WITH EXISTING DELIVERY SYSTEMS

(E.G., PRINT AND CUE/SEE)

* SMALL SIZE

* RUGGE:,

l MODULAR, PLUG- CO!.: ATIBLE COrI ONENTs

RAPIDLY EXPANDABLE, EASILY REPLICATED FOR FAST

RESPONSE TO MBEILIZATION



'T E APPRQL'C!2S7

*DEFINE Haq THE SYSTEMS WILL BE USED (scENARIOS)

* D:FlU'E A CANDIDATE FI Y FDEIERY SYSTE-MS WITH tDULAPCOET

T0 ME T T HESE U S A :E R E QUJI R -JTS

* 0 Us INC E7XIS~N -SEAPH AND INE'V EXPERINENTS, DETEP2INE Th EF~TVE -

jNESS AN4D OTHE'-R BENE-FITS OF CADID4TE FEATUnIE

* ESTIMATE COSTS FO; OUANT11Y PURD-IASE s IN L85 TO OBTAIN IFRN

FEATURES. EYA1,12NE COST BEN-'EFIT TRADEOFFS ND RECOf-rXEND A SET OF
PREERRD FATUES AND A SET OF LD EST FEASIBLE COST FEATURES FD:.

EAri TY'PE OF: SYSTE,-<

!-~AKE RE COM' Z-DAT I ONS FOR FEATUFRE-S I N THE CONTJEXT OF ACT UAZ% ALTENA 'T I VE

DISPLAY AND RESD30NvSE - PNE
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THE GOAL AND SOME CONSTRAINTS

o SPECIFY STA?4-ALC).E ELECTRY IC DI'RY SYSTEMS FOR-

* t4ATERIALS A:D J03 PERFOYR.w",?E AIDS

o- USE VIDEO AND COMPUTER TECHNOLOGY (POWER OF BOTH TH-

AUDIO/VISUAL AND COMPUTER TRADITIONS)

o ANTICIPATE HIGH DENSITY IN THE A R.Y

* Low UNIT COST IS A MAJOR DRIVER OF THE DESIGN

* MAXIMUM EFFECTIVENESS REQUIRED FOR INSTRUCTION AND

JOB AIDING

o USER INTERFACE MUST BE EXCELLET

S-7

p.i



HOW THE SYSTEMS WILL BE USED

1. ON THE JoB TRAINING:

* TRAINING EXTENSION COURSE (TEC) LESSONS

* SKILL QUALIFICATION TESTS (SOT)

o ARMY TRAINING AND EVALUATION PROGRAM (ARTEP)

@ JOB TRAINING PACKAGES (JTP)

2. SKILL PERFORMANCE AIDS (SPA)

3. TRADOC SCHOOLS (INCLUDING SIMULATION)

4, RECRUITING

5. ARMED FORCES ENTRANCE AND EXAMINATION STATIONS(AFEES)

6. ELECTRONIC OFFICES

WHEN ANALYZED, THE USES REQUIRED FIVE M)JOR TYPES OF

SYSTEMS FOR:

* INSTRUCTION IN A SHELTERED ENVIRONMENT

o COMMAND MANAGEMENT AND ADMINISTRATION IN A SHELTERED

ENVI RONME-,,

* JOB AIDS IN THE FIELD

* AUTHOR IN-

* RATING AN'D INVENTORY USING A HAND HELD DEVICE IN THE FIEL

THESE CAN BE SUPPORTED BY ON-SITE UTILITIES LIKE A PRINEK

HIGH CADACITY SHAPED rIlEMORY, AND M DE E"

S-



SqlEE~CL __ E __ _ _EFITS OF CNDIDILfATRES

COLOR, SHADING, AD GAY SCLE
.

* COLOR CAN INCREASE BOTH I,'FiEDIATE PERFORMANCE AND RETENTION IN

COMPARISON TO A MONOCHROt-.E_ PRESENTATION

* LEARNERS APPEAR TO TAKE MORE TIME ASSIMILATING COLOR INFCRATION

THAN ONOCHRDME.,

* THE -ABOVE MAY EXPLAI N ,HY AVAI LABLE RESEARCH I NDI CATES THAT COLOR

HAS NO CONISISTENT EFFECT ACROSS ALL LEARNING SITUATIONS: COLOR

IS BETTER FOR SELF-PACED ATERIALS BUT NOT FOR FIXED PACED, FOR

STILLS BUT NOT FOR MOTION, AND FOR HIGH APTITUDE LEARNERS BUT NOT

FOR LOW APTITUDE.

--LEARNERS MUST BE GIVEN SUFFICIENT TIME TO ASSIMILATE COLOR. IF

THEY AR, PERFORA'NCE IS USUALLY BETTER THA,; WITH MO:OOHR NE I"

THEY ARE NOT GIVEN SUFFICIE,'T TIME, PERFOR IANCE APPEARS TO B-

WORSE,

--OVERALL, THE RATE OF ACHIEVEMENT GAIN OVER TIME IS EQUIVALEIT

BETWEEN COLOR AND MONOC-IROME,

* COLOR IS REQUIRED WHEN THE TASK DE1'.WDS COLOR DISCRIMINATIONS,

* COLOR CODING IS VERY PRODUCTIVE FOR HIG.LIGHTING AND DISTINQUISHi:N_:

PORTIOP:S O- DISPLAYS (E.G. ONE LEVEL OF DEFTH IN A 3D GRAPHIC)

OR TYPE O COTENT (E.G., A SET OF RULES).

S--9



USUALLIY WITHOUT REFOR> 'TTjINC (E. G., TEC, ETV).

I--

* W-ST STUDENTS TODAY EXPECT COLOR N,.D PR-FER' IT OVER 'JQPK

IT NAY ThU LS HAVE A -T IVA'T IO7&" ADV:XJFA'E j T CACZ DE~E$ ATTPT

o FOR SPA'S, EXISTING PRINTED MATERIALS CAN BE REFOR .ATTED WITH CO,-

PUTE,%-GEER.ATED ALPHANUM'ERICS AND LINE GRAPHICS, FUTURE SPA'S

CAN BE PRODUCED iNiTIALLY THIS WAY, USING CO>"PUTER DESIGl

AND EDITING AIDS.

o IF GRAY SCALE IS USED IN COM P'JTER GE,._ER,TED DISPLAYS, FOUR LEVELS

ARE THE N6ST PEQUIRED, 91D USUALLY TWO OP THREE LEVELS WILL SU=F1C

S-Ic
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0 IHE AVAILABLE RESEAR,4 STUDIES INDICATE THAT THE EFFECT OF MOTION

EPENDS ON THE PURPOSE, THE COgJENT, AND OTHER FAC.TORS,

o PROCEDURES INVOLVIN, A CRITICAL DET D'STRATI, OF ACTIOS OVER TIME

ARE BEST PRESEtTED WITH, NOTION, SPATIAL CONCEPTS ARE BEST PRESENTS:

WITH STILLS,

o Hu.', m.LING TO C.A-,NE ATTITUDES OFTEN RE 'UIRES MOTION,

0 'iOTI3, CAPABILITY PEzRY'TS USE OF EXISTING MTI.ON MATERIALS, IT

IS EASY TO TRA,-FER FROMI 16 M . FILM OR FROM VIDEO TO VIDEODISC.

* 'TiON SEQUENCES TyPICA"Y DO NOT ALLO,' SELF PACING, CARE MUST BE

TAKEN NOT TO PRESENT INFORMATION SO FAST THAT THE LEARNER

CANNOT PROCESS IT WELL. SPEED SHOULD BE SLOWED DOWN OR

UNDER USER CONTROL TO DEMONSTRATE MOTOR SKILLS,

* 4 HIGH PROPORTION OF MCTIOt IN EXISTING FILJ- IS NON-RELEVA.T (STILLS).

* STILLS WITH A'n:..ARE OFTEr AS EFFECTIVE AS MDTIO: WIT; AU.,

;IM.:ATED GRAPHICS CAN HELP TO VISUALIZE AN': CLARIFY FR>-

CESSES OF -ANY KINDS, AN A=E ES:ECIALLY USEFUL IN SI" ULT-T.'S

-

Ii
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REALISM

o REALISM MUST BE MATCHED TO THE LEARNER'S EXPERIENCE,

--THE LEARNER WHO IS NEW TO A SUBJECT NEEDS SIMPLIFIED

PRESENTATIONS (E.G., LINE DRAWINGS), MORE EXPERIENCED

INDIVIDUALS NEED A REPLICA OF THE CO!,PLEXITY OF THE

ACTUAL SITUATION.

-- OPTIMAL REALIS,"M, "AY CHAN' AS THE LEARNER GP. M, E

PROFICIENT.

--Too MUCH DETAIL AT FIRST CAN IMPEDE LEARNING BY OBSCURING

THE CRITICAL POINTS.

--Too LITTLE DETAIL FOR PERSONS EXPERIENCED IN THE CONTENT

MAY NOT GIVE THE, REAL WORLD EXPERIENCE IN FINDING THE

CRITICAL FEATUR.ES ON THEIR 0W,

e REALISMN MUST BE MtATCHED TO THE METHOD OF PRESENTATION,

-- STUDENTS NEED TI,E TO PROCESS COMPLEX VISUALS.

--REALISTIC DRAWINGS AND PHOTOGRAPHS ARE MOST EFFECTIVE

FOR SELF PACED INSTRUCTION (LIKE THAT AVAILABLE ON

ELECTRONIC DELIVERY SYSTEMS), WHERE THE STUDENT CAN STUDY

THE MATERIALS AS LONG AS NEEDED.

--SIMPLE LINE DRAWINGS ARE BEST FOR EXTERNALLY PACED

INSTRUCTION (LIKE VIDEOTAPE), WHERE SUFFICIENT TIMiE A'

NOT BE AVAILABLE FOR ALL STUDENTS TO PROCESS THE INFOR'"TiO 1.

0 THE FULNCTIONALITY OF THE PRESENTATIO,', NOT ITS REPLIC.,

NATURE IS WHAT COUNTS.
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REAL ISM _(CNTD. )

* A SEQUENCE OF INCREASINGLY REALISTIC, COMPLEX, OR DIFFICULT

EXPERIENCES MAY BE OPTIMAL,

--AN EXAMPLE IS USE OF THE GRADUATED LENSTH METHOD IN

SKIING, WHERE THE LEARNER PROGRESSES FRO", SI>-%LE TO USE

SHORT SKIS TO REGULAR LENGTH SKIS AND STEEPER HILLS.

I 0 PICTORIAL REALISM WITH COLOR AND MOTION IS USUALLY PRE-

FERRED BY STUDENTS,

o PICTURES CAN FACILITATE LEARNING FROM TEXT.

. MULTI,,EDIA PRESENTATIONS MAY REDUCE ATTRITION BY MAIN-

TAINING STUDENT INTEREST.

--CAUTION: A MOTIVATIONAL LEARNING EXPERIENCE FOLLOWED

BY A BORING JOB WILL NOT REDUCE TURNOVER.

I

i:.
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* CHARACTER RESOLUTION 10 TO 12 TV SCAN LINES PER

CHARACTER. FOR TECHNICAL MANUALS THE US BROADCAST

STANDARD IS 7NSUFFIECIENT AS INVESTIGATED IN EXPERI-

MENT 3 OF THIS STUDY, IN EXPERIMENT 4 WE FOUND THAT

AROUNID 945 SCAN LINES ARE REQUIRED AT 20 M',Hz (BLACK

Af', WHITE) TO PRESENT A FULL PAGE OF TEXT AND GRAPHICS

ON THE SCREEN, THE US BROADCAST STANDARD IS 525 SCAN

LINES WITH APPROXIMATELY 4.2 VjHz, USING THE US STAND-

ARD, 12 LINES OF 30 CHARACTERS IS PREFERRED, THOUGH

MORE CAN BE PUT ON THE SCREEN,

* VIEWING DISTANCE - USUALLY 28 TO 38 INCHES IS PRE-

FERRED, THE VIEWER MUST BE WITHIN TOUCHING DISTANCE

(ABOUT 21 INCHES) IF A TOUCH SCREEN IS USED.

• GRAY SCALE LEVELS - FOUR LEVELS OF GRAY IS THE MOST

THAT IS USUALLY NEEDED AND 2 OR 3 LEVELS ARE ADEQUATE

FOR ALPHANUMIERICS AND MANY GRAPHICS.

* CHARACTER SIZE - APPROXIt-ATELY .2 INCH PER CHARACTER,

VIEWED AT 28 INCHES (=15 TO 30 MIN. OF ARC). CHARACTER

SIZE SHOULD EE DET NE D BY CONTENT BEYOND THIS BASIC

S-2
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* FONT - NO ESTABLISHED SUPERIORITY OF ANY FONT FOR CRT's,
BU LINCOLN/VITRE, MIL-M-10812, AND LEROY FONTS ARE ALL

ACCEPTABLE, ON A VIDEO DISPLAY A STUDIO QUALITY CHARACTER

GENERATOR CAN PRODUCE A VERY WIDE VARIETY OF FONTS TO

MATCH THE CONTENT AND STYLE,

d * DOT MATRIX SIZE OF CRT CHARACTERS - 5x7 DOTS MIMU>'".

7x9 PREFERRED FOR EACH CHARACTER.

* COLOR OF MONOCHROME DISPLAY - IS NOT A MAJOR FACTOR,

BLACK/WHITE, YELLOW, GREEN ARE ALL ACCEPTABLE,

* UPPER CASE VS. UPPER AND LOWER CASE - DATA FOR CRT's
IS THIN, BUT MIXED UPPER AND LOWER CASE IS BETTER FOR

PRINTED TEXT OF LENGTHY PASSAGES.

N5
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4

IMAGE QUALITY - VISUAL ELEENTS

0 MEANINGFULNESS OF VISUAL ELEMENTS IS MORE: I.ORTAtT

THAN REALISM--HAND SKETCHED LINE DRAWINGS WHICH HIG--

LIGHT CRITICAL POINTS CAN BE AS EFFECTIVE AS DETAILED

Il COLORED PICTURES,

0 FOR PROCEDURAL INSTRUCTION, TEXT PLUS ILLUSTRATIONS

IS BETTER THAN EITHER BY ITSELF.

o USERS DIFFER IN VISUAL LITERACY. COMPLEX CHARTS AND

GRAPHS REQUIRE MORE EXPERIENCE THAN SIMPLE PICTURES,

SO VISUAL ELEMENTS MUST BE MATCHED TO USER ABILITIES

AND EXPERIENCE,

o EXPERIMENT I IN THIS STUDY FOUND THAT LINE DRAWINGS

YIELDED RESULTS EQUAL TO PHOTOGRAPHS, NOT ONLY FOR

4 PAPER AND PENCIL TESTS, BUT ALSO FOR JOB PERFORMANCE

TESTS.
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SOUND PRESENTATIONS

o REALISTIC VOICE OR OTHER SOUNDS ARE REQUIRED FOR MANY

KINDS OF MODELING, WHERE THE OBJECTIVE IS TO CHANGE

ATTITUDES OR ILLUSTRATE A PROCEDURE BY PRESENTING AN

EXPERT.

o SOUNDS ARE REQUIRED TO MAKE CERTAIN DISCRIMINATIONS

(E.G., BETWEEN A MOTOR RUNNING SMOOTHLY OR ROUGHLY).

4 NON-VOICE SOUNDS (E.G., PENNY ARCADE GAMES) CAN ADD

EXCITEMENT AND MOTIVATION TO SIMULATIONS,

• SYNTHESIZED AND DIGITIZED SPEECH VARIES WIDELY IN

QUALITY, Low QUALITY IS APPROPRIATE FOR CUEING AND

PRESENTING WORDS IN CONTEXT (SINCE A WORD IN A PHRASE IS

EASIER TO UNDERSTAND THAN A WORD IN ISOLATION). HIGHER

QUALITY IS REQUIRED FOR ISOLATED WORDS OR WHERE UNDER-

STANDING IS CRITICAL, -b

• PERMITS COMMUNICATION WHEN THE USER IS AWAY FROM THE

TERMINAL OR LOOKING ELSEWHERE (E.G., AT A SIMULATOR OR

WHILE FIXING SOM.ETHING),

* AU,Io IS HELPFUL TO POOR READERS, AND AUDIO REDUNDANT

WITH TEXT IS PREFERRED BY SO'.iE WHO CAtN READ,

o EXTENSIVE VOICE PRESENTATION SLOWS DOW'N AND PACES THE

MANdI/M.ACHINE INTERACTION, THIS MAY OR M.;AY NIOT BE HELPFUL.,

C;- 17 7



INTERACTION - PROCESSES

" THE BULK OF ELECTRONIC DELIVERY SYSTEMS INTERACTIONS FOR

MOST APPLICATIONS CONSISTS OF A SIMPLE PROMPT OR QUESTIO1,

AND A STUDENT RESPONSE,

o AN ENORM!;OUS VARIETY OF INTERACTIONS, FROM SIM'PLE MENU AN, 3

MULTIPLE-CHOICE BRANCHING TO FAIRLY CO.'PLEX INFOR!-,ATION'

SEARCHES, JOB AIDS, GA'IES, AND SIMULATIONS CAN BE PROGRA'

FROY A LIMITED, SIMPLE SET OF COMM,;ANDS AND DATA STRUCTURES.

o AS THE PROGRAM BECOMES MORE ARTIFICALLY INTELLIGENT, FOUR

ELEMENTS BECOME MORE SOPHISTICATED:

--AN INTERACTIVE MODEL OF THE CONTENT BEING TAUGHT

(E.G., A PIECE OF EQUIPMENT BEING SIMULATED)

-- A MfODEL OF AN EXPERT WHO OPERATES THE SYSTEM (E.G., A

PROCEDURE FOR SOLVING A PROBLEM.)

--A MODEL OF EACH STUDENT (RANGES FROM A HISTORY OF STUDENT'S

KEYPRESSES TO A SOPHISTICATED MODEL OF SPECIFIC SKILLS)

-- AN ADVISOR TO MAKE COM.ENTS OR PRESENT PROBLEMS THAT

WILL MOVE THE STUDENT PERFORMANCE CLOSER TO THAT OF THE

EXPERT

* IN A CLASSROOM',, THE SUBJECT MATTER IS THE CONTENT MODEL; THE

TEXT, OR TECHNICAL MANUAL HOLDS THE EXPERT MODEL; THE

INSTRUCTOR IS BOTH AN EXPERT AND THE ADVISOR; AND THE

GRADE BOOK CONTAINS THE STUDENT MODEL, THE VIDEO MATERIALS

AND CO.MPUTER PROGRAM CAN SERVE ALL OF THESE FUNCTIONS IN

AN ELECTRONIC DELIVERY SYSTEM, AT DIFFERENT LEVELS OF COST

AND SOPHISTICATIO;.,q

o THE ZATA FRO'-, EXPERI.IENT 2 OF THIS STUDY SUGGESTS THAT JCE

AIDS M.,AY YIELD ACCURACY AND TI.E RESULTS EQUIVALENT TO 0:

BETTER THAN SEPARATE INSTRUCTION FOLLOWED BY ACCESS TO

TECHNICAL MAN.UALS. SIM';PLICITY CAN THUS YIELD tM-IAJO3

BENEF ITS,
s- i



INTERACTION - PROCESSES (CONTD,)

* AN ELECTRONIC DELIVERY SYSTEM MAY BE USED IN SEVERAL

INTERACTION MODES:

(1) PRESENTATION _MODE

--ALLOWS NON-INTERACTIVE PAGES OF TEXT OR MOTION

SEGMENTS TO BE PRESENTED WITH ACCOMPANYING AUDIO

OR ILLUSTRATIONS IN ANY COMBINATION.

-- THE USER CONTROLS RATE AND SOMETIMES SEQUENCE,

-- ESSENTIALLY THIS IS A PAGE TURNING MODE WHICH MAY

PRESENT AN EXPERT PROCEDURE.

(2) LxglsE MODE

-USERS RESPOND TO STORED QUESTIONS OR PROBLEMS,

AND RECEIVE IMMli",EDIATE FEEDBACK.

-- BRANCHING DEPENDS ON THE ANSKERS.

--WITHOUT TWO SCREENS OR TEXT/GRAPHICS OVERLAY, MOST

VIDEODISC SYSTEMS STOP WITH THIS MODE.

--THE EXPERT, STUDENT MODEL, AND ADVISOR FUNCTIONS

MAY BE INCLUDED,

--SOME SIMULATIONS FOR FIXED SEQUENCE PROCEDURES USE

TKIS MODE, SINCE THEY ARE JUST A FIXED SEQUENCE OF

ACT I ONS

(3) E:LERA IY ES iUILA OILIC

--INTRODUCES A PARTIAL MODEL OF THE SYSTEM, WHICH

PERMITS NEW ITEMS TO BE GENERATED.

-- PROVIDES REALISTIC EXERCISE OF CONCEPTS AND RULES WHILE

MAINTAINING TEST INTEGRITY (SINCE EVALUATION TYPiCALLy

OCCURS WITH UNIQUE EXEMPLARS).

S-19
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l -- EXAMPLES ARE (A) GENERATION OF tIATHEtMAT I CS FRCE LEt"S

FOR DRILL IN ADDITION AND SUBTRACTION OR (B) ELECTF:OIC

EQUIPtIENT TROUBLESHOOTING TRAINERS.

-- USER INTERACTIONS CAN BE MORE EXTENSIVE, SIN;CE NEv,;

EXERCISES CAN BE PRODUCED TO FIT IJNDIVID JA NEED.. .

THE EXPERT, STUDENT MODEL, AN: ADVSOR FU CTIN I ....

ALL BE INCLUDED.

* IN EXERCISE AND GENERATIVE MODES, STUDENT INTERACTIOCN-

CAN BECONE CO kPLEX--RANGING FROM ENTERING DATA TO FLY!;,-

A SIMULATED AIRCRAFT,
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INTERACTIO, -' IECHANISS

* A HIGH PROPORTION OF POTENTIAL USERS OF ELECTRONIC
DELIVERY SYSTEMS DO NOT TYPE WELL.

I TANDARD ALPHAWMERIC KEYOAO

--GOOD FOR TYPISTS WHERE A HIGH VOLUME OF ALPHANUM',ERICS

MUST BE ENTERED,

-4iOT EFFICIENT FOR MOST SOLDIERS AND NCO's.

• KEYPADS

--MORE EFFICIENT THAN KEYBOARDS FOR MANY TRAININO

APPLICATIONS,

--CAN BE VERY INEXPENSIVE, BUT MUST USUALLY BE CONFIGURED

FOR A SPECIFIC APPLICATION,

--THEY LIMIT THE TYPE OF RESPONSES WHICH CAN BE ENTERED

AND MAKE NON-NUMERIC PROBLEMS INTO MULTIPLE CHOICE,

SINCE ALL THE POSSIBLE RESPONSES ARE DISPLAYED ON THE

KEYPAI,.

--IF USED TO SELECT AMONG FUNCTIONS (E.G,., NEXT) WHERE
ANOTHEPR DEVICE (E.G, A MOUSE) IS USED FOR INPUTTINZ

RESPONSES, THEY CAN BE VERY EFFICIENT, ,

S-21
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INTERACTION - MECHANISt, S (CONTD.)

* TOUCH PANELS

--NATURAL, NO TRAINING REQUIRED,

--CAN ALTER THE RESPONSE CHOICES, BY CHANGING DISPLAYS

ON THE SCREEN.

--USER MUST BE CLOSER THAN IS NORMA LLY PREFERRED, AN'

REPEATED REACHING UP TO TOUCH CAtN BE TIRING.

--PREFERRED OVER LESS RELVB-zLE LIGHT PENS, WHICH REQURE

A BRIGHT SPOT AS A TARGET.

" € - / c-

. -C

0 JOY STICKS

-- INEXPENSIVE AND FREQUENTLY USED,

--PROVIDES FUNCTIONS OF TOUCH PANELS, PLUS SOME ADDITIONAL

FUNCTIONS,

-- ALLOWS CURSOR MOVEMENT AND POSITIONING ON SCREEN.

FUNCTION BUTTON OR KEY PAD NEEDED TO INDICATE CHOICE.

-- IN-ERIOR TO TRACKBALL OR MOUSE FOR CONTINUOUS CURSOr

MOVE MET

4



--MLORE EXPENSIVE THAN JOYSTICK.

~1 * --ALLOWS INFINITE MOTION BY CONTINUING TO TURN THE BALL.

-- NEEDS FUNCTION KEY.

-- CAN MOVE CURSOR ON SCREEN WITH ONE HAND.

--LIKE A TOUCH PANEL TAKEN OFF THE SCREEN.

-- NEEDS FUNCTION KEY OP. KEYS.

--AVOIDS FATIGUE OF REACHING FOR SCREEN, BUT REQUIRES

-- A LITTLE EXPERIENCE.

-- GRAPHICS TABLET USE" FC, HJ"G; R LD 'LUTION' DIG-ITI:I~C
GRAPHICS, WHILE MOLISE PROVIDES RAPID CUPSO~ CsIv=
FOP INTEP4"CTIONS.

L

- -

f
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INTERACTION - MECHANISMS (CONTD,

i fm O VOICE INPUT

--USED WHERE HANDS OR EYES ARE BUSY (E.G., FOR MAINTENANCE

AIDING),

-- A NATURAL MEANS OF CO;r UNICATION FOR NO%-TYPIST SOLDIERS,

--AVOIDS TYPINS. HIGH QUALITY UNITS ARE MR3E ACCURATE

THAN TYPING ONCE THE SYSTEM HAS LEARNED THE USER'S

VOICE.

--PERMITS MOBILITY,

--GOOD QUALITY UNITS ARE STILL EXPENSIVE, BUT SHOULD

DECREASE IN PRICE BY 1985,

--DISADVAN TAGES: A BRIEF PAUSE MUST SEPARATE EACH WOR7

OR ITEm. EACH USER MUST TRAIN THE SYSTEM FOR EACH

UTTERA NE TO BE RECOGNIZED CAN BE MORE TIRING THAN

TYPING FOR HIGH VOLUM.',ES OF DATA ENTRY,

-- SINCE ALTERNATIVES NEED NOT BE PRESENTED ON A SCREEN C;R

PAD, VOICE INPUT DOES NOT LIMIT INTERACTIONS TO MULTIPLE

CHOICE. IT IS THUS MORE FLEXIBLE THAN KEYPADS OR TOUC'-

SCREE'

Z-24
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. START WITH 1981 HIGH VOLUME (5,000 UNITS) ORIGINAL

EQUIPMENT MANUFACTURER (OEM) PRICE WHERE ONE IS KNOWN,

i• DETERMINE RANGE OF PROJECTED PRICES IN 1985 BY APPLYING

AN EXPERIENCE CURVE BASED ON THE TYPE OF TECHNOLOGY AND

THE CURRENT AND PROJECTED SALES VOLUME. CONVERT THIS TO

PROJECTED YEARLY DECREASES IN COST, GENERALLY AS

CUMIULATIVE VOLUME DOUBLES, PRICE IN REAL TERMS IS CUT BY

20 TO 30 PERCENT,

l SELECT THE PROBABLE PRICE WITHIN THE RANGE BY INTERVIEWING

EXPERTS, THIS YIELDS A ROUGH PRICE ESTIMATE.

* THESE PRICES ARE SUGGESTIVE OF COMPONENT PRICES ONLY.

IN SOME CASES (E.G., KEYBOARDS) THE COMPONENTS SIMPLY

PLUG IN TO THE BASIC SYSTEM. IN OTHER CASES (E.G., TOUC-,

PANELS) PROGRAMMING MAY BE REQUIRED, COSTS OF INTEGRATION,

CHECKOUT, DELIVERY, ETC. MIGHT AVERAGE 20 PERCENT PER

SYSTEM,

* PROJECTED PRICES ARE IN TERMS OF 1981 DOLLARS, THUS

INFLATION MUST BE ADDED TO THESE FIGURES TO ARRIVE AT

NOMINAL 1985 PRICES. THE FIGURES PRESENTED HERE ARE SIMPLY

DISCUSSION POINTS, THE TECHNICAL DATA BASE CORRELATION

STUDY WILL REVIEW AN- REFINE THESE FIGURES.

A
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i1 i'e CONNECTION TO O:,-SITE SHARED STOPAGE CONSISTING $ 650
OF WINCHrESTER DISK AND CONTOLLR (3I 'E'-ER
WITH TAPE BACKUP fCARTRlD-E) AD CO['TPCLLR,
SHARED BY FOUR USE S PRICE IS PER USER,

AZUQL

Ir; F E .
OR 'AT: -  "_ x,-.-- R .. . . . : -, _- ,---

SYSTEl,,

Du. ' S. . .. c (2 "'- TE "
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KE Y PA:At,- C U>r PA~.' . -

h 1GH QUA ITY V-.'. 7,$T

OR LOW RESOLUTIC/N JOYSTICK
OR LO - RESOLUT O PjE 
CR VALUATCR (E.G., R:iTAT) $ 2
op TRACAK E .4 L1L
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A. INSTRUCTON,, IN A SH T:L E v ',"T

PR.FE_. ',,2 _ : R T VIDEO

32 BIT CPU $ C L2: hE"--
256K RA?' 2D1 1-1< : -

S,-/' R~E OF
30 MBYTE DISK/TAPE 6- 5h6,1tEYPA: =i.. < ,,,; -

TOUcH. -Atn _ E..,. ' , O

512x51 2 Cozo, 3031 NTSC VIDEODISC
GRAHI CS /TERr"Nh PLAYER 80
W'T H NISO v! CNTSC CHAR. GEN 200

NTSL VDISC PLAYER 800 VDISC CONTROLLER 10
VDISC CONTROLLER ._ 2375

5425
1NTEGrzATIO0 , ETC 1085
1f(20AY E INTEGRATION (20%) 475

$6510 $285C

32 EIT CPL-$.5:

1/l.C) , TT 650
!/40 650

!:1:

Lr:,- HICS TE=I. 10032525

". , - 505

$3030
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KE YB 0ARD $70

TOUCH A,-

,=:IUI, RES UT IC, (52X: COR L~.
K jE ES.UI TEXT/ 1 CS2 3EERA

Lot TO !MED7U,'K RESOLUT1O3(.., j3OK5<
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CCST S '"j":,'T

AD" B, ,A I N;IN ST RAT ION / L,,., = ... E, t,,TR0
EAD11SRTI ....... E~ l-.:" t A S -ELTEP.ED Et',IRO:t.E1 ,T

B 1P BIT CP' $ 21

256K RA . 2 256K RAPZ
32 iT CPUE O3Z "YTE FLOPPY

i BYTE D I SK,/ TA P ,7 ,-12X-) C,0 
, Et .. .. . Jr.

r9 E Y$E37 
-

(2 $5376
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COST SU ...A !', 'Y

:. C, JOB AIDING IN THE FIELD

TJL]_lTAR 7ED 32 T CPJ $l4+ Fi.TA Z._ 16 ,,T CP' $ ,31i., L1TARi ED  2 P 5K .... T R~E- 25 . . ..

I TA I D 1 1-3YTE SOLID142D IILITA~iED R ,.'TE 1: Z: ET
STATE VE' TATE 'E * ',

"ILITARZED r :r-.' A. .TA.2ED :.EY-ALITA E 1 -E 1''P 1700-

,I LI T AR KAT P AN '0ELJ " .1 TAAT . . ..

7835 T -E R , (2 - -
hVTEGPATI-N (20Z) 1557 1, .. ATIO, , 1117

$9402

pf
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PROJECTED

E F ERR

KEYBOARD $ 70
AND HI RESOLUTION GPAPHICS TABLET $ L450
AND KEYPAD $15
AND TOuCH PA'-_ $ 59
A!,D VALUATO - 2

HIGH QUALITY VOICE INPUT S 850h" RESOLUTiO" TCrBST.
H: souIc JC'i ' . 20,3 "
R RE S 0LUT IC'%' TRFA CK EAL L 2 ij 1

, E RESOLUTION (51 2X51 PIXELS) CCO -
T-XT/ ,RA ICS TERN..IN,. WITH S V iE

AI' IfSC INDUSTRIAL VIDEOD:SC PLAYE:, S 800
AND STUDIO ,UA-iTY COLOR TE>,T,/GA0r~: ' : 2%,.0r3

CHARACTER GE',ERATOF
AND 3/4'" VIDEOTAPE E7'ITOF $ 5jD

DIGITIZED RAND:C ACCESS VOICE OUTPUT $ K-

TiNMU~COST

LO, TO MEDIU!-. RESOLUTION (EG. 300X400 PIXELS) $I3
*...', ": E ; TC'-n IT W iTH TEXT/CRA - I CS

TEXT,/G-.APHIC S EDITS,,:A 11 D AJ T H . 't,. C-:-S T P. ::: : , ES Q , E

LES . F, , - Y " L " . THE ELA ,. '
AN: hUTHoR A ASEtET SYSTE'. TC TA>

,,AN: SC -E:,'JE-

A,, ATA z- E ." T S ST E T A L
TO E'VALUTI DATA
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~COST SU2',:ARY

fl e D. AUTHORING

PRERL ALL DIGITAL

32 BIT CPU $ 520 32 BIT CPL' 520
256K RA5 29 25 K RAD' 61RA
KEYBOARD 70 KEARD D
HI RESOLUTION GFAFiICS 4KU HI r-SOLUTICN GR I ..S

TABLET TABLET
KEYPAD KEYPA
TOUCH PANE 50 TOUCH PANE50
VALUATOR 20 VALUATOR 20
iED UM RESOLUTION 3000 Low TO MEDIUM RESOLUTION
(512x512 PIXELS) (E,G., 309x400 1q rl
COLOR GRAPHICS TERt.- PIXELS) tDNOChRCE
INAL _/NTSC VUEC MONITOR W/TEXT/GR,:,iCS

NTSC INDUSTRIAL 800
VIDEODISC PLAYER

VIDEODISC CONTROL INTER- 10
FACE

$5315 :..

INTEGRATION (2_7, 1063 NTE-:RAT;ON (2-01.._ $~637& 'c:

STUDIO QUALITY C C,; C, TEXT/GRA , R ICSii CHARACTER O'ENERAT"OP $0,003:

3/4" VIDEOTAPE EDITOR 3,500
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E. RATING AND INVENTORY IN TH_ FIELD' (HAt-r HEL, DATA
ENTRY DEVICE)

PROJECTED O['.

PREFERRED

I'llLITARIZED KEYPAD $ 90

MILITARIZED S ',,ALL. FLAT -ANEL (2 R,..S: 1 $ 2.
CHARS: PRICE IS EXTRE'EzY SEST' 4
NJMBER OF DISPLAY CHAACTE -SI

CL_ E f -S - -l R -_

zF)

8 BIT BATTERY POERED 0. $ lOG
16 K NO NVOLATI LE RA$ 5 C'
2K ROM $ 10
rACKAGING AND POWER SUPPLY $ 50

$ 320
INTEGRATION (207/ 0 )-

$ 384

'I2

.4.
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CONCLUSIONS AND RECO.IieENDATIONS
FOR JOB TRAINING

1' . VISUAL DISPLAYS CAN USE STANDARD BROADCAST COLOR TV IF

IT INCLUDES COMPUTER TEXT AND GRAPHICS, REFORMATTING IS

REQUIRED FOR PRINTED TEXT, BUT YIELDS BENEFITS IN SPEED,

EFFECTIVENESS, AND MOTIVATION,

o t.EDIUM RESOLUTION COLOR GRAPHICS ADD OPTIONS FOR TV,;

DIMENSIONAL SIMULATIONS, GENERATIVE INTERACTIONS, AND

REFORMATTING, BUT THE COST IS HIGH (ABOUT $3,700). THIS

CAPABILITY MAY BE RESERVED FOR SPECIAL APPLICATIONS AS

AN ADD ON TO AN EXISTING SYSTEM.

0 BEYOND 1985, HIGH RESOLUTION TELEVISION MAY BECOME A NE.

STAN-ARD. THIS EVENT WOULD ALTER COST/BENEFIT RESULTS,

AND SHOULD BE FOLLOWED CLOSELY.

* STILL FRAME AUDIO ON OPTICAL MEMORY STORAGE SYSTEMS (E.G.,-

VIDEODISCS) IS ESSENTIAL FOR LOW COST TRANSFER OF TEC

AND ETV MATERIALS.

* MANY ISSUES REMAIN ABOUT THE PLAYER.

THESE INCLUDE:

--COST OF STILL FRAME AUIO 

-- PHOTOGRAPHIC AND MAGNETIC ALTE'RNATIVES

--AtNALOG VS. ALL DIGITAL STORPAE
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o KEYPAD PLUS TOUCH PANEL IS ADEQUATE FOR INPUT, BUT AN

INTEGRATED HAND HELD CURSOR CONTROL WITH KEYPAD SHO.,LD

BE INVESTIGATED.

0 TEC AND ETV CAN GO DIRECTLY TO NTSC VIDEO, BUT STILL

FRAME AUDIO WILL REQUIRE REFORMATTING,

o PRINT REFORMATTING TO NTSC VIDEO REQUIRES CONISIDERABLE

REFOR ESATTING0

AUTHORING SYSTEMS AND TEXT/GRAPHIC EDITORS ARE ONE OF

iv THE MOST CRITICAL FACTORS FOR EFFECTIVE USE OF THE NEW'

DELIVERY SYSTEM-S.

GENERAL ISSUES REMAINING INCLUDE:

--A MANAGEMENT SYSTEM TO IMPLEMENT THE PLAN FOR

CONTINUING INDIVIDUAL TRAINING IN UNITS, FOR

MANAGEMENT OF TEAM TRAINING, AND FOR TRAINING

RESOURCES.

--TAINNGNCO'S TO TRAIN

0 --ITERATIONSTRATEGIES

--INEGRAINGSQT's AND SQT PRACTICE INTO JOB

TRAINING

0 --iTEGRTINGARTEP INTO ON-THE-JOB TRAINING

-- INTEGRATING JOB AIDING WITH TRAINING
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CONCLUSIONS AND RECOMiENDATIONS
FOR MILITARIZED ELECTRONIC DELIVERY

SYSTEMS FOR SPA'S
A*

*FLAT PANEL, MONOCHROM"ATIC MEDIUM RESOLUTION DISPLAY IS

ADEQUATE. GRAY SCALE NOT REQUIRED.

o DEVELOPl.MENTS IN RUI3ED SOLID STATE t.MEMO',3RIES (INJCLU:ING

OPTICAL POCKET-SIZED CARDS) SHOULD BE TRACKED CLOSELY FSP

THIS SYSTEM TYPE,

a AUDIO OUTPUT DURING MAINTENANCE AIDING NEEDS TO BE INVEST-

IGATED IN THE FIELD, BUT DOES NOT APPEAR TO BE A REQUIRE-

ME tIT.

a VOICE INPUT FOR MAINTENANCE AIDING NEEDS TO BE INVESTIGATED

IN THE FIELD. CURRENTLY, INEXPENSIVE VOICE INPUT SYSTEM'-S

ARE INADEQUATE. THE ADEQUATE SYSTEMS ARE VERY EXPENSIVE,

BUT THEIR PRICE WILL FALL DRAMATICALLY WHEN THEY ARE

PLACED ON A SINGLE COMPUTER BOARD AND PURCHASED IN LARGE

VOLUM.ES,

• REFORMATTING FOR SPA's WILL BE INVESTIGATED IN THE DATA

BASE CORRELATION STUDY,

o AUTHORING SYSTE.z. FOR SPAS ARE NEEDzd.
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REMAINING ISSUES
FOR HAND HELD RATING AND INVENTORY DATA ENTRY SYSTEMS

J.,

* DESIGN OF THE DATA DISPLAY.

o FUNCTIONS TO BE PERFOR,'tED (E.G,, SCORING FOR SQT AND

ARTEP, I N- VETORY 1A-1ANASE-ENT).

0 o STORAGE DEVICE,

* DESIGN OF THE KEYPAD,

0 PROTOCOLS FOR EACH FUNCTIO:,N
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CHAPTER 1

INTRODUCTION: PURPOSE AND METHOD OF THIS STUDY

The Purpose of This Study

The mission of the Army Com:unicative Technology Office (ACTO)
is to reduce the Army's reliance on the current paper and vice-
based deliverv systems. To do tnis, ACTO conducts research
and develrc.:nent and develops specifications. all leading io
the eventual introduction of new electronic informa.-tion
delivery sst.ems. in fulfilling this mission, ACTO haz
mat :ated a series of research and development yroC'ects tc
analyze the costs, benefits, and engineerang considerat ions
related to electronic and optical technologies for informa-
tion storage and cozmunication. These studies have dcalt
%vith such topics as the costs of optical videodiscs vs.
conventional print and audic-visual media, the effectiveness
of videodiscs and microcomputers in training and in maintenance
aiding problems, nrocedures for convertin existing print
and audio-visual media to newV delivery system forms, and types
of storage media technolog'-es applicable to new distributed
co._-.unicative electronic delivery systems. This is the final
report in another study of tlas series. It deals with the
presentation features of electronic delivery systems and their
usE in a varieTv of scenarios in the Arm,. In this charter. the
purpose and methods of the study will be reviewed.

The Problem

Before mid-century, the U.S. Army was much less complicated.
There "ere far fewer weapon systems and these systems were of
far less technological complexity. The work force availablE
to the Army was more literate in the use of written and
spoken English. and was in some ways better prepared in basic
mathematical and technical suU1ect . The expense of conducin.
operations and training was much less. The equipment. its
operation and maintenance was less complex and costly to deplY.
use. and train. Thc major driving forces creating today's
problr.s in trainino and ma:ntaining are the following:

(I) Techn(,logical chane -
(2) Societal cnanz-.
(3 ; Economic chang.>

The Technological cthanC(. includ, morE. and more complex n,*..
weapon s. --s Em. t -%f- EE b(.f ore an th U.S. Arv.. Whi]c i
a s poss iblie to u s Luma n g nce a s b'an:neertd , buil- a
tesT equapmEni to reduc( t . com lenity (,f operat ions anc

6 I iI iI iI
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maintenance, these approaches cftern merely inroduce ne,

equipment or software complexity. It is not only the incro,:s
in complexity, but the increase in quantity of iechnological

g systems per soldier that increases the training requirements.
There are more weapon systems and tools to operate and maintain,
and they have become more complex and sophisticated in concept
and operation. The net effect is increased requirements for
training and for the selection of more technically qualified
personnel.

To compound the problem of increasing deand for more technica]
skills. societv has been changing. The labor rool is s-r '"-'rn" ,
As the nuin.-er of 29 vear-olds decreases, comp, Tition 2 Incren.-.
from business industry, and the life of a efare recio--t

ron bu i e s a i . ..

Thus there are fe' er recruits available. In addition. the
quality of the recruits has changed. An increasing number of
them have Spanish or another language as their native language.
Many have not been successful academically. This translates into
lack of success with written and spoken English, the basis for
the current delivery system.

Economic changes, occasioned both by the cost of the Arm's
inventory and personnel, and by economic inia.Ltion, have made:
more and more difficult to provide realistic training.
Aunition and petroleum are too costly to be used up in
extended traininc maneuvers. Transoortation from one place
to another where training can be obtained is increasingly
costly.

The cuirent delivery ! .ystems for recruiting, training,
communications. maintenance, and logistics are primarily
based on paper and on voice com-munications. This has resulted
in an enormous increase in the volume of paper, a specific
symptom of the underlying problems which prompted the creaijcn
of ACTO several years ago. Many publications cite the -.
incredible growth in the number of pages required to document
ne weapon system. for both operations and maintenance.
The processing of paper is a problem in all areas where hu7a.
communication occurs lor any of the Army's purposes.

In all Army activities, the limits of canability of the curre:.
delivery ssiez. arc sim71y being exceeded. The paper manazt-:z.-:;
problem is one svmptom. The inadequacy ol training resulting .
in reduced force readiness is a more serious s tmptom. In man-
cases, todav's soldiers are no! able to operate or maintain 1,t
complex syzter- in our Armv: 's inventory. Their non-End ish an,
non-academic bac:urcund increasinrig], makeS it dif icul t r t :
to obtain adequate trainanc or to understand cc,mmu-2 cation-
adequate v t hrcuch th- current vIr:: de]2 erv sIst .m

p

- . - i i ii i I i ii I I 2 " ,
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.0
The Opportunity

The opportunity to meet the Army's increasingly difficult
problems comes from two relatively new developments in
science and technology. One class of developments has

*f0 produced new hardware and communication technologies,
. the other has yielded much broader and more complete under-

standing of teaching, learning, and communicating.

Hard Technologies

Modern technology has introduced many of the problems
through invention of the many new and diverse weapon systems.
It may also provide part of the solution. The opportuniiy
arises from three poerfuk nev% technologies:

(1) Computer chips which provide processing power
for simulations, Testing, records, scheduling,
management aids, etc.

(2) Optical memories which provide storage and distri-
bution of video, audio, and interactive computer
programs, and not just text.

(3) Satellite and fiber optics communication networks
which provide a new means for the distribution of
information and for assurance that information is
received and acted on properly.

It is through these new storage and communication technologies
that ACTO can make a major impact on the current problems.
The essential contribution of the computer chips is to permit
the lowv-cost replication of interactions. Such interactions
occur between skilled teachers and students, betveer a skilled
coach and a person being guided in maintenance, between som,-one
ordering and someone receiving in-office processing. The list
is endless. The computer chips enable replication or
prompting of many of the transactions that occur in interactive
two-way communications between two or more people. Rules and
doctrines for office work, personnel transactions, logistics
transactions, training transactions, and maintenance aidin-z
transactions can all be built in to the memories and programs
that control the computer processors, on chips no larger
than the little fingernail. These chips can be dis~ribute-d,
carrying thE- intelligence t(, reproduce or prompt thesc
interactions reliably in multiple locations throughout th-
world.
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The promise of optical memories is to move beyond the old
delivery systems restricted solely to print and voice. Opt ic.I
memories can store enormous quantities of video infurmation,
audio information, and interactive computer programs, as well a-s
text. The pictures and text can be displayed in full color and
with background audio on electronic display screens. Text
can be greatly reduced and displayed in life-sized chunks,
or can be associated with audio for poor readers. Large quar.tit:,-c
of information can be replicated more inexpensively than car. te
same quantity of printed text and audio-visuals. Actual mol icr
pictures modeling persons performing complex operational or
maintenance procedures can be stored in optical n;,-mcries,
either as full motion with audio or as a series of still
pictures , ith or vithout audic. Where print i2 anacce..ilc
to semi-l-terate soldiers, pictures and audac are easily
accessible and interactive programs provide the practice anc:
prompting required to comunicate.

It will be several years before satellite and fiber op.ics
communication networks are fully implemented throughout ihe
Army, but more primitive electronic communication network:
nov exist. Also, the ultimate goal of fully functioning
networks can no be readily approximated by distributin:-
data bases on computer chips and optical memories. That is
processing that nov. takes place centrally can be distributed
out to the end users and only brief data s.mmaries need ce
sent up the narro.-band communication channels ncv. in
existence. In the more distant future. broad-band comm.unCZ:-
tion networks can connect the distributed processes toget be:.
In either case. data accumulated in field oe,-erations can b,,
sum.marized and comm-anders can be assured thct training and
operational missions are bE:ng carried c,ut ccrrectly in
the field.

Soft Technologies

The other nev. development is a result of prozress in soft
technologies. Whether called science or art. the.t( soft
technologies have made greaL progress in the. last 20 ye: :-
Many of the specialisci prefer to call th-Ir specialty
"sciences' (InstrucLiona] Scenc(c. C'oCn!Tive ScienC,(
Comuncation Science. Coruter. ' Scien-E, Economics. etc.)
Others are more prazrm:,ic (In.truction.l Systems Develi"
ment. Design Engineering. .,.saIe Dsign. lmpiementato-
Design. Conf i gu rat i or ; Mna.-: m7 . ,rga: :at i onal Behav: c
WhatEver the pref Ir I- fey di ia I d: d .ci-. n es um n:
spcialt ies and na.nin thrp7 .. rrC,:' 1 (ic .- e -.rr en&.( ,
the field arc. cc,:g, i : fc r :.; ; i a.c_ a.d'? ' l,..n a r ,.
set o, pi-ocss' .. actt 2(.. C (c0. . l :1 .T- W,(-

n S l - | d u I 'i i i ... .
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picture of introducing new technological delivery systerr.s
into di f forvnt soc ial org:.nizat ic,ns and a.suring t he- ir
cent inuat ion.

In this paper, some concepts that have been dc-veloped by WICAT

4. Incorporated in a comprehensive model of teaching and learnanc
will be used to explain the minimum set of delivery systems
for which communicative electronic systems should be develced.
This analysis and presentation of a comprehensive view of th. e
different delivery syst ems is presented in chapter 2. These n-v,
conceptions of both teachinz and teaching support processes,
and of learning and learning processes are a part of the nev.
opportunity 'h pt preents itself. .ilure to, recogr.2ze all C-f
the parts of t n' u z IE-, parts v.,:ich can cnI be sc<: d b' itL
s f TI n C- . c c'] ,.-- is to fai" tO a5e tIC- hN l or- C..: e
proper'- .

As personnel in the Army becin to in-eract with elect ronic
displays instead of printed pages, the question of presentation
features of th aisr avs and response devi ces provided becomes
critical. The purpose of this stud is to investigate th:-ese
presentation a'.d response features and to propose how they
will affect the &-sign of future communicative information
de iver: svsrems.

Method Used for This Stud,

The t hrusst of this prOcjec is to cualitatively anal.ze The
cost/effect2veness for electronic delivery systems of a numler
of presentaion features. The targeted features have been
inveStica...d in a number oL studies in the human factors,
educational ps,.cholog-, and cognitive psychology fields. There-
fore, one of thf central elements of the study was to conduct a
literature review, paving part icular attention to the recent
surr.marazing statemens and guidelines of a number of investac--crs.
These results are primarily presented in chapters 3 and 4, which
are concerned with instructional design and human factors
considerations for presentation features.

In order to gather dat a from the actual users, interviews wc re
conductEd with arm':. personnel in many di f ferent programs. Visits
werc mad- to Ft .S OE']a1 -  Ab-erdeen,.,'"rv Iand; Ft. B;i

and Ft. f'ccv, TF L u; &: . Vus ris, ( Vrg:nia; Ft. N1Monroe, Virginia,
Ft. Monm:,uih, N Jv. , rs ' ; Ft . Br -,aman Harrison; and Ft . Gordo:.,

Georgia. In atC i 1, ' ,st eIrh. Automat ion Plan 0: ce("

was visited in V'as.:n.

Army puW a-:.I ar, aT:: r{ cu]: tons gvc ru.:n di f feren: pr Tccr .-.-
Of in:e-s- r' a]- :c In{ nany r.vwE ;.

In ord, r to ch,.' r our un:. "': diar. ad -2 for the daa,

e nL'-c Frank I r,,,. , (,rif f th ]l-nd:nc res.:arL-hn(rs in i

f ie d , as a coniu.tIian- or a t ra i , ir' at VICAT.
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Experiments were another imnortant element in the stud',. Since
the videodisc may b one of the central elements of an elE.c.rc..i

* delivery system, we d-cidd to use sevc-ral actual videodi.so
for our studies. In order to do this, we first placed a st-ries
of dials and gauges taken at calibrated distances on the back

* of a videodisc made for the Defense Advanced Research Projects
Agency (DARPA). These graduated and calibrated images permitted
us to estimate the resolution of a standard NTSC videodisc and
moniter. This information was also helpful in determining the
extent to which reformatting may be required for existing prired
materials in order to place them onto a low to medium reoulior
videod:sc s'.stem. The results are reported in Exerai.ent 3
(Apendix B..

Wkwe re aes fortuna-e in that wve had just pr'c arLd a vided c

for the rmv: Researech Institute (.ARI) which included tr-

and simulation fur a relatively complex artillery procedure.
We were able to reprogram this procedure for the Presentata trn
Features project in order to evaluate the effectiveness and
preference b, students for a number of different input devices.
The results are presented in Experiment 5 (Appendix D).

As art of this study we had determined that the existing research
showing no difference between line draw ings and full color
pictures had for the most part been conducted using only pay-er
and pencil performance measures. We therefore decided to
determine whether these results hold up where performance is
measured by a hands-on tasrk. A special disc was desioned for
this purpose. The disc included instruction and job aids 1h-t c
varied type of graphic (photograph versus line drav ing), aunto
versus no audio, and lengthy description versus very brief act ir.-
oriented stateme-nts.

SONY agreed to master this disc without charge. Unfortunate]',,
the mastering was greatly delayed and the disc that was ret ur n ;c:
to us had been truncated part way through the presentation

of the materials. Therefore, Experiments I and 2 which required -6
this disc w-ere both delayed and changed in scope. The results art:
presented in Appendix A. In brief, we found no advantace for color
photographs over line drawings for a hands-on test. We also found
that accuracy using job aids was as good as with instruction, and
that job aids saved time when both training and job performancE
times were considered. In all, we feel that some valuable data
has been obtained from, Experiments 1 and 2 and, indeed, frzr.
the co.mbined experience with the three videodlscs.

Other exner.me.ts investicated transfer of print materaals to an
electronic delivery syste.7..

One of the central cuestions which must be addressed when
considerino use of an electronic system is the extent to wh.:cr
present text materials must be reformatted in order to be eas-ii
legible on the monitor. It is also an issue as to the resoa ..
required in order to place text paces onto a video monitor w:tn.
reformattinc. At some level of resolution, a paze can bc s:rv
photoara::he using a camera an- rerroduced electronicaly.
Excerame.-,t 4 was desicne to rnd c-- rFli" :,,
are presented in Apendix C.
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Another issue of importance is the expense to be anticipated
r-. when converting existing Training Extension Course (TEC) le.,n.

from the current Beseler Cue/See format to video format. In
order to gain this information, we actually transferred a TEC
lesson and then reformatted other material in order to determine
time and costs. The results of these investigations are reported
in chapter 5.

Presentation Features Criteria

Candidate presentation features considered in this project wer-
evaluated against three major criteria: effectiveness, cost, an-
other benefits.

The effectiveness criteraa are based on user comrrehension o4
presented information, the rate of comprehc-nsion, the amount o
retention, and user acceptance and motivation. In most cases it
was not possible to quantify the degree to which a delivery sster.
produced changes in these areas. Nevertheless, it was often
possible to compare alternate systems on these criteria for a
given content matter and group of subjects.

The cost of a feature can be measured in many ways. Perhaps the
most obvious is the hardkare acquisition cost. However, this is
usuaily outweighed by costs of hardvare ownership, which are
dramatically affected by the reliability, availability, and

maintainabilitv of the system. While these must be designed into
the actual hardware and thus are not the province of this study,
they are critical to system acceptance. Another major factor
in the cost of each feature is the software and courseware
deveiom mnt required. While there is no simple means of describing
the relationship between a feature and the difficulty of
developing materials for it, it is clear that different kinds
of costs are involved. For example, preparing a computer-assisted
instruction lesson using a standard monochrome CRT with no graphics
capability can be quite simple since the capabilities of thE
delivery system are quite limited. On the other hand, preparing
an interactive video sequence for a videodisc can be extra-
ordinarily complex. It must be recognized that more capabilities
may also mean more difficulties and expense in preparing
materials. For example, should still frame audio ever becom:
available on a videodisc, we would not be surprised to see
someone try to utilize all of the hundreds of hours of audic
time available. There is a kind of tyranny in great possibililes.

Another major cost is soltware update and revision. An opjtical
videodisc o,! the type currentlv in us( cannot be revised. T i2

is a si'rous handicap for smal vo'lume programs which cannot

afford to revis.- the dis. to m,- cha ncing doctrines. harc:'. rt
and thE lik(. Or the oth (r h a n, the co,,-.ut Er perm Its ver
rapad undat es of in fcrmt ia.o s .- d n its m .,actne -Lc memor. • B,
marr inz the audi c vi su- capal i aes of I ho videodisc t .

4
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the rapid update capabilities of the microcomiputer syst em, it
may be possible to make less expensive updales and revisions
to electronic delivery system programs.

itI The third major criterion is the type of benefits provided.
One type of benefit is simplicity of use. Another is compatibility
with existing delivery systems like print and Cue/See. Others are
compatible components, and rapidly expandible, easily replicated
systems which are available for last response in case of
mobil izat ion.

Oranization of the Chacters

Ti-e work in this project consisted oi three r-.aor coner.s
The- first was to define hcik the s,,sems will be ustd. Cnarer '

Presents this information. The second componen- wLs to us,
the existing research and new experiments to d-e-termine the
effectiveness and other benefits of candidate features. The
results of this work are reported in chapters 3 through 7. The
last component was to estimate costs for quantity purchases in
9685 to obtain the different features. A cost benefit tradeoi!

was used to recommend a set of preferred features and a set ox

lowvEs: feasible cost features for each tve of system. This
ana vysis is presented in chazter 8. Chapter 9, "Looking Ahead,"
presents the most important points from all three components.

L
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CHAPTER 2

SCENARIOS: REQUIRE!,!ENTS FOR ELECTRONIC DELIVERY SYSTEMS
TO IMPROVE CO.MMUNICATIONS, TRAINING AND MAINTAINING

PRESENTATION FEATURES

In a previous report in this ACTO series*, six scenarios,
each with several sub-scenarios, were defined. A scenario
describes new but realistic ways that electronic delivery
systems may be used by Army organizations. As scenarios are
made more and more specific they lead to development plans. Thl-se
influence several key activities: the design of the nev electrotnic
delivery systems, the reorganization of the work no being
performed by each Army work group considered, and a strategy
for moving from the current to the future scenario. This
chapter will not repeat the description of the six scenarios
given in the previous report. however it will attempt to make
these scenarios more understandable in relationship to ACTO's
mission. This chapter will, in addition, describe a few
additions to scenarios from the previous report. Finally, this
chapter will take a first cut at defining that minimal set of
hardware components that can be used interchangeably across the
various scenarios.

The discussion in this chapter flows from the general to the
specific. First ACTO's mission is defined and the kinds of
organizations are identified whose work could be improved by
the use of electronic technology. Live differe;:t kinds of
teaching systems are identified. The various sub-scenarios
described in the previous report are related to these five
kinds of systems. The scenarios describe how electronic
technology can improve the productivity of the work performed
by each kind of organization.

The chapter concludes by identifying a set of five different
delivery systems that can be used across the scenarios.

It is important to narro% the requirements for electronic
delivery systems in this way and find a minimal set that can, be
used interchangeably across scenarios. The problem is that as
the electronics industry continues its enormous growth worldw.ide,
a seemingly endless stream of new applications and producs
flows furth fro!7. this industry. These products, unfortunatiey,
may be poorly matched to the Army's requirements. What is the

minimum family of electronic delivery systems, somc for training,
some for maintenance, some for management, some for office work?
A minimum but inclusive set o modular hard kare and sof,%%..rt

compontmnts will givt the Army (and perha:-s oLher agencie o: 1.

Department of Delt nse) s .veera auvantages. One advanta:. .-

econz.ies of scale. Other ad.'antaies are simler -anta. i- l'

- Bunderson, Pett and Be-,.rnsonr., Storace .. ,ei for" Elect ronc t
Delivery Systerms, ACTO Technical Rtport , Feb. 1 £&
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simpler training and education of Army personnel in the use
of the new delivery systems, and other advantages. By contrast,
a piecemeal approach to this problem will saddle the Arm% with
a variety of incompatible and expensive electronic systems,
many of them adapted wholesale from the consumer market and
utilized in Army situations where they do not fully meet the
requirements. In order to define a minimal set of scenarios
some logical analysis of ACTO's mission is required.

ACTO's Mission and the Organizations it Serves

The mission of the Army Communicative Technology Office
includes the following major responsibilities:

(1) Life cycle development and management of military sysiemc
for production, distribution, and delivery of doctrinal,
instructional, and technical materials.

(2) Exploration of military applications of electronics
technology for conveying information in communicative
systems.

(3) ACTO is to serve as the principal focal point below
headquarters, the Department of Army for organization
and support for these activities.

In short, ACTO is to help the Army choose from communication
of information by paper, which is producing so much paper the
Army is in danger of "drowning in it," to electronic communication.

The Simplest Case Description of the Communication Process

As defined in earlier ACTO publications, the communicative
process is:

"a method of transferring ideas that insures understanding

of meaning and intent."

Generally, the communication process has been conceptualized
as occurring betmeen a sender and a receiver. This makes
communication a two-person problem. That is, by identifying
all variables and activities that take place in 2-person
communication we have solved the problem for any number of
people. However, even early writers in the theory of cor.iun:-
cation (Cherry, 3966) have discussed communication as occurrin:
in networks of more than two people. What is the simplest ca-
problem for analyzing communication? When a physical scient:s-
approaches a difficult new area, he tries to define thE sim-
plest case problem. That is, a problem that has inherent ii.
it all of the properties of the general case. Then the scl:cr.
to that simplest case problem is general. It may be less -
ful to construe communication logically as a two-person or
two-element problem (sender and receiver). It may be more usc-
ful to construe it as a three--prson problem. This concc-;--t

-S/ l m ~ . ,_
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depicted in Figure 2-1. The objective is now for the sender
to send the message to the first receiver and for the receiver
to capture it fully, sufficient to convey it on to a third
person. This is generally the situation in any real corruni-
cation. There may be times when a sender needs to communicate
a message only to one party, but most often, especially in
a military chain of command, the sender desires something
to happen as a result of the message. This most often involves
a third person or several third persons. Thus, in Figure 2-1
we have depicted the simplest communication processes occurring
between a sender, a receiver, and a second receiver communi-
cating with the first receiver. The dotted arrow going back
from receiver to sender indicates a chance to query, to "ensure
understanding of meaning and intent" (ACTO definition). ho; ever,
the real test of whether "understanding of meaning and intent'
was achieved is through testing the message received by the
third person. If this message has been received properly,
then we know we have solved our communication problem, because
the same processes can occur from a second person through the
third person to a fourth person and so on. Thus, the three
person communication problem represents the simplest case that
is complete. Thus, in a command communication, it is essential
that the message of a commander go through one or more inter-
mediaries and be received properly by those at the line level
responsible for carrying it out.

Training is a special case of com.munication. In teaching and
learning, the communication problem becomes a three person
teaching/learning problem. For examnle, in a TRADOC school,
the learner receivin7 the message must do so thoroughly, and
must continue to work to perfect his mastery of the job tauz ht
so as ultimately to be able to communicate to co-workers (third
persons) about it, use the skill in actual performances, and in
some cases even teach it to someone else. In the case of
training, the idea of a third person is a way of assuring that
what is communicated in training situations is fully mastered
and used correctly on-the-job, perhaps long after the initial
training. This means that the learner is progressing up an
Army career path, becoming an NCO or perhaps an officer who
must teach others.

Figure 2-2 is ancther way to show the importance of what happens
after the second person receives the message in an AIT school.
The ordinate of Figure 2-2 indicates the percent of mastery
in a military career (from 0 to 100'). The base-line indicates
time--the soldier's life and career. Three time phases are
indicated. The readiness phase involves the soldier's homt-

and school experiences prior to joining the Army. Phase 11 in-

volves face to face learning that occurs in a TRADOC schoc..
Phase 111 is a much longer nr.:sterv of his military occupazics..
Figure 2-2 makes several points clear:

(1) The readiness of the soldier has a great imp aict or, w!h: ,
can be accomp,: i shed during tht school -n :t an 2 .
mide.rrn Arm,. The sc] ir-'rasp o' , ki It !. :in,-, r.



Person 2 Person 1

"Rece ver'Se"cI e-.
"Leane,' T7cr e:

W 'ess3ae c, ir>/.r
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Figure 2-1 Communication or training is a
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English and of technical and scientific concepts is
most significant in determining how well and how last
training information will be grasped. In addition,

fl the soldier's personal habits, study habits,
aspirations, and self concept are or great importance
in learning initially and in continuing to grow.

(2) The impact of the TRADOC school is small in the
total time picture, but could be quite large in
its effect. The experience in the TRADOC school
affects the slope of the line during the on-the-job
phase. This line could progress up% ard toward
mastery, or could lead to so little on-the-job
accomplishment as to contribute to an earlv exit
from the service.

(3) By far the most significant phase is the on-the-job

learning phase. This is significant both on the
basis of common sense and on the basis of necessity.
Our comon experience assures us that great learning
occurs when we actually do the jobs that are mostly
talked about during formal face to face schooling.
Necessity has lead TRADOC to the doctrine that most
training responsibilities must be exported to the
units and must occur on the job.

F zure 2-2 m: k.- the vo :nt Ina, .m.i.urn :cat irnz .a- rxit,
military career from a v -s of tea~hers t,) a I-rr.r
long-term process and that ACTO's mission to "transfer ide>.
in a wa%- that ensures meaning and intent" is something that
must focus on the total career manazement of the soldier.
This involves recruiting soldiers with a maximum degree of
readiness, teaching during the formal schooling phase, and
(most importantly) the teaching and growth that occurs on the joU.

Looking at cormmunication and training as a 3-person problem
rather than as a 2-person problem is more consistent with
the realities depicted in Figure 2-2. If, for example. we
look at training and training support as occurring only b.,

the school ins: ructor and the soldier, we do, not aadres. - t.
problem of carrying the training informr:iion and skills on i,,
th(, persons at the soldier's later duty as.i.gnren: -

will helI, thr- soldier realize that thi.z is part of dh
He. may be called upon late- to explain, to demonstrate. or
if promoted. to teach others what he is learning. Whcol m:'-v.Y
and aids can be provided to help the soldier do these thin--s
_ater on the job? How can career counselina and assignments
take place to keep the second and third pe:-ons at it long encugr.
to achieve mastery--which will not have been atrained durin: th
TPADOC school phase?
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Milita ry Organizations and Thir Pe i rv S,st--

ACTO's mission is to help military organizations corrmunicate
and process information electronicallv instead of by means of

he current paper-based delivery systems. The goal of all of this
is improved force readiness. A military organization is a
group of people in defined roles who have a particular mission.
Any organization has a set of regulations and unwritten
traditions and uses a delivery system (set of technological
tools) to accomplish its mission.

A delivery system may be defined as follows:

A delivery system is the technologi cal comooneni of ar.
organization, used by the organization to aid in the
accomplishment of its work.

This definition is much broader than the usual definition of
a delivery system.

Current View of Delivery Systems. The current vie. of divery
systems is ouite limited. Print and voice cor.unicaiions dc,-'..-1'e
and constra:in our ability to imagine new ways, of accomplisar--:
the same work. In education and training, delivery systems are
se, n primarily as printed or audio-visual presentation devices
vhich may or may not accept student responses. These devices
are mostly passive, linear, and noninteractive and do not exploit
the three powerful technologies discussed as oppo.tunities in
the last chapter. Thus, an expanded view of delivery systems
is necessary.

Delivery Systems are More than Audio-Visual Presentation
Devices. Delivery systems for communication or training neec
not be limited to presenting displays and- 9ccepting responses:
delivery systems can effectively deal with all of the work
involved in the various transactions that occur between three
people in organizations- the three-person communication or train-
ing problem. These transactions can occur either face to facc
or in distributed remote configurations. The question then
becomes, "How can the new technologies leverage all of the
informative work in organizations?"

Successful Information D(liverv Involves More Than Hardvware.

In the first chapter the opportunity for the Army was seen as-
coming from both hard scaence and technolog> and scit sca-:...
and techno ogy. Th,, soll science is clearly needt~d ,au
dE=liverv system hard%\Lare at: nct nu,,. TL. g,, 2 , "
the produ'tavit,, o! tLh- organiz., ao.. - nov, ccns ,a ui t-d a:.
their periormance of the Arm)';s massions. Lul as menLion(dc
earlier, these organizations anv I vinr e comroonent :

1. People in define-d ro ,,o/-
2. W iater and urv ratt : :c: "...-i and t7::<r..

. t e- ' ic ' ' c ( " r d' . 1\c i do i % t

L. ...- -.
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ACTO can help Arm:. organtzat ions perlorm their wLrk r
productivelyv through ne tec'hnolozical tools--"h,,!- tech...... i".
The people and their tradit ions must be considert-d or the nt-,.
tools will not be accepted or used properly. The three-foldtt 'definition of an organization is illustrated in Figure 2-3.
The symbol for an organization using a delivery system used
in the figures in this chapter is a large arrow emerging from
a large bracket. Inside the bracket can be listed both the
processes used in the cornmunicatior, and the content to be
cor-..unacaed or delivered. The processes and cont.ent ma,: be conv\xcd
by sres technological aids, or by the people in the situaticn.
All of th-m onerate according to a certain set of rules laid
dov, n t t n- governtirg body that establ ishes the right of the
c-'u-. t- del iver it s Troduc- s or servaces. Thes- rules are ptrL

of the tradittions. A work climate, usually unw:ritten, Js also
a part of the traditions. The productivit, of the orga.rzatioon
can be improved by improving the abilities and skills o! the
people, by removing traditions that are counterproductive,
or by im:,roina the work climate. Mainly, the productivitv can
be inc rtasE-d b, changing the technologica, tools. T, ti-
the area w-ere ACTO is m)st closelv identified. Ii_,1c.;v-r,
ACO's m i-ion to 1mnrove communication in order to c'.r

-u.rs> nding of meaning and intent involves a full cn s;a,.
of the persons and traditions which so heavily ir.f uen t con-
munacation, teaning, and learning. Ensuring understanding
involves soft sciences and technologies as well as the desiu:-.
of delivery s%

In the lower half of Figure 2-3 is indicated an example of an
oraa-lzation that could use a new delivery syste.--face to -f a z! e
training in a TPADOC school. The people in this organization
are the teachers and students. The technologies of the con-
ventional delivery system are hard copy (books and fixed med:2 .

The traditions includ- TRADOC training doctrine and the c],.mn:
and morale at the school. The processes of work the instructor
must perform include giving presentations, providing practice
in work models (a model, simulation, or approximation to the
work the soldier will later do on the job), providing motivatac:-,,;
activities to assure that the soldier will remember what is
learned and will continue to learn and improve after this da."s
lesson, and conducting management activities which ensure tl.k
good use of time and resources. The content of instruction
which the soldier learns includes combat techniques anc! proof "
ures (e.g. how to operate various pieces of enuiri::ent . Or :1
may be a support MOS in which the soldier learn.s to rtain
equipment, su-,pv r.:a- eria1, or corduct ad:irast rat \v, act ivi: i.

Oraniza .  ion. for whicU . narw-, . rt ,t ar..:

Carefu c ons i dra t ior. of the t hree- ers,-p r n yr, r 7. led t t
r de nai a ,,n of A' IV- c a e of or a:n a',: t-on_ ,or or-, c :: 7, -

funct i nc--dtd to %utport bt : 1 and i 11 .
C. "F :i> rkjihd> o. o O I . !] t -, u t( >2. , , .

thr,.r. th r2 1 hr* t I, tn P-'.C. .
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The reason for consid-ring these organizations in thi.s d(.1 oi
is that organizat ions rel lect the del ivery svsten.- th:, us.
The old delivery system, consisting of print and oral cormunz-
cation primarily, supports certain kinds of activities uhile
other kinds of activities cannot be done conveniently or cost
effectively at all. If these organizations do not carry out
vital activities in a complete or satisfactory way, something
new is needed. The three-person problem gives us a way of
examining what would be required to solve these deficiencies
of communicating or teaching all the way to the third person.
It thus helps us to understand wha- new scenarios are needed.
This in turn leads to new require!.;ents for the faily of
delivery systems ACTO must design.

The five tves of: suc-ort systems needed to support all trai n4n
activities necessary in the three-person problem are the
following:

1. Phase I formal teaching delivery
2. Learner quality assurance
3. Teacher quality assurance
4. Materials development and improvement (ISD
5. Phase II t rainin7 or Future Assurancg

These will each be dis;uss _.d in turn.

1. Phase I Traininc at the TRADOC School. This type of teaching
support system was introduced in Figure 2-3. The terminology
Phase I and Phase 11 refers back to Figure 2-2 where Phase 0
(soldier's home and school experience) , Phase I (the TRPDOC
schools), and Phase II (the on-the-job phase of learning) were
compared and contrastedi.

In addition to the TRADOC School, three other kinds Df sup:rt
systems, each with their own delivery systems, are needed :usI

to support the school oraanization. These are presented in
Figure 2-4. The standard symbol for a system with a mission is
used for each of these three new organizations;that is, a
bracket terminating in an arrow pointing in the direction
in which the goods or services are being rendered. The-e
three nevc suppcrt systems arE numbered 2, 3, and 4. The
diagram is aesigned to bc self-explanatory.

2. Or -an, z.-,T 2ons ThatI Dea, v. x h L eair n er C-)ui it I AS-,ra nc C
U.S. Army; ReCruiTine and Enlistment Command (USAI-.C) and lbh
VMiitarv- EnIistmenl Proce. :sin. Comm:nd ("FPCO' have ma, w
responsibilities in the learner qual ity assurance roc o.",
of the support systems lo:icali'y recuired by this analvss.
These commands are concerned both ilt h "learner qua l.i" (
and mental Itness), and as(, quantilv. Ped~ness reC~i;:'es t

units be lullv staff i-d. Learner quality assurance deal]-
Phase 0 in thE, diacram in Ficurt. 2-2. Thal is, seleclt n l r
the pr'Fulil ion those recruits who can bh- alt :tcted awt' r.. 1.
o) (,rt, 110 i they ight have!, Iand ! .crr as ih aIs- pr ,5 ]  •
on I a " , . .. t . 3( Ye "ent : <'a l , ]h .' h ' ;~ }- ] .'' ,r:];> 1( : ,:, . .
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Teaching Support Systemn

if*2. Learner Oualit\ 3. Teacher Quality 4. Materials DEelc; men:

USAREC NIEPLOM NCO ? TRA\DOC

Tr1. Teaching

Learner Tae

A Pr e s e ,z

IL
/ O~.er learner orcLejenIh

Figure 2-4 Four main delivery sy stems for solving the
Three-person teaching problemn (Phase 1, TRADOC
Schools) A fifth svstemn is needed for reach:-rg
the third person(s) on the joUL.
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The ission of assuring learner quality is broader than USA:C
and MEPCOM now conceive their role. Learner qualitv assurane
can also involve improving the learning skills and strategies
and the basic skills (language and general technical knowledze

*- and skills) of the soldiers. The BSEP program (Basic Skills
. Education Program) is one program which deals with this other

aspect of learner quality assurance.

3. Teaching Quality Assurance. There are two kinds of mastery
that must be attained by NCO's and officers in the Army. One
kind of mastery deals with their military occupation specialties;
and, as they advance, with broader issues of leadership and
command. The second kind of mastery deals with teaching mast erv.
This has many components, but includes the understanding of
Army training doctrine, the ability to administer presentations
and work models (practice situatIons that model as closely as
possible the soldier's ultimate work), the ability to motivate
soldiers to learn during the course itself and afterwards, and
the ability to manage skillfully time and resources associated
with teachir. activities. TRADOC has many programs to assure
quality of instructors at the schools. Questions arise,
hoi,-Ever, in considering the three person problem when the
trainer is an NCO out on the o insead of an instructor a,
a school. In addition to teacher quality assurance for the
NCO, the three person perspective reminds us to consider the
snaring of information from one soldier to another on the job.

*The lack of good teacher quality assurance for the second person
(NCO) and third person (soldier who must communicate with
others) is a serious deficiency in the system. These deficiencies
are indicated by the questionr marks in Figure 2-4. The number
- 5- by the small delivery system symbol going from the learner
to other learners on the job suggests the need for another
delivery system not indicated in Figure 2-4. This issue will
dealt with later.

4. Materials Development and Improvement (or ISD). This
system is implemented at several sites. The TRADOC schools have
the primary responsibility for developing job training materials
in the areas of their proponency. The U.S. Army Training Support
Center (ATSC) at Ft. Eustis has the responsibility for managinc
the various exported training programs such as the TEC program,
the SQ- program, the job traning program, the Army correspor-
dence course program, the Arm:y training literature pro.r, nr
others. The Tobyhanna Armv Depot is responsible for duplicai. i:
and distributing the exported training materials to the field at:,
a variety of materials to the schools. As thE symbol gIoin4 r,-:
material.5 development t, de:very sstem -- shows, thes mate r>.

must includ, oresentat ions which can be ut i ai->d b: the train.
uork c,.:--ls to pro':ide practice, guides to prc., t motivation-"
actI%,2te , and adminastra iv(, aids. These-- four items last .
svst. ri are shown as !Dcin= zro-:ided, at least in part,
b% s',stem -4. Tn,-se our atem, heir clar::% w distriut:,
traininc is so hard in (-x(-:ut ion. Wh t n th- s cdaie rs a r k out n!:

t h; j b. ,h r r u' to, " an "C( r r:,i nc (,1 t h, 1 r r.
n tC, 1 r i r, r:±I h;d -i t " t r. "::m c ;<i. \" ,,> 1. a r
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instructors at the TRADOC schools, and he does not have the
facilities. He does not have the extensive TASO support for
audio-visual materials. He may not have conveniently located
learning centers or audio-visual devices or libraries of printed
and audio-visual materials readily available to him and the
soldiers in his command. The point here is that training and
training support are well developed and implemented at TRADOC
schools, but that the TRADOC philosophy of exporting the majority
of training to the field must recognize the need to provide
the same kinds of support in distributed training. That is,
all of those variables and activities--all the work needed
to make training effective in a school environment must be
transformed and exported, along with presentations, in order
to make training effective in the on-the-job environment. This
has not fully been possible because of the limits of the old
delivery system. The old delivery system cannot replicate
interactions, nor much video and audio to make instruction
motivating and powerful. However, the opportunity now exists
to implement a delivery system with new technological tools
fully capable of supporting training on the job. This is
discussed in the next section.

5. Phase It Training or Future Assurance. Figure 2-5
illustrates the needed fifth system for supporting the all-
important on-the-job training processes. The dotted lines in
the figure shows how the TRADOC school phase (Phase I) is now
a thing of the past for the soldiers and NCO's involved. The
soldier has left the school and is now in a unit. After a
time, some of them have been promoted to be NCO's or training
officers themselves and are now required to teach the "third
person." Those who are not formally responsible for training
still need to teach or communicate (or at least to demonstrate)
what they have learned to other soldiers or co-workers in

- - their unit. If we can support these several persons as teachers
or communicators, we will have solved the three person problem,
and will have assured that, in training, the ACTO definition

- - of communication as "a method of transferring ideas that ensures
understanding of meaning and intent" is indeed achieved. The
problem of inadequate teacher quality assurance discussed in
the last section is solved by expanding the materials development
function to include built-in training material. for the NCO
or trainer in how to use the packages that are being sent
out. There is no reason to expect that NCC''s or trainers on
the job will know how to train, even given excellent materials
like the TEC lessons that have been distributed in the past.
These have been used by a disappointing portion of the NCO's.
The future assurance process should also consider transactions

0 between the second and third person after initial training
activities. After initial training activities are conducteC
by the NCO's and soldiers in unit learning centers at the
battalion or company level, these peop]--wust go out into
job sites in repair bays, offices, or the field and perforr
the work they have learned. As an extension of the fuiur(
assurance process, job aids and guides should be available
to them for their own work, and also usable by them in teaching
one another (or at least modelang correct job perlormance tc
one another).
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Previous efforts at distributed training have been severely
criticized because of these deficiencies in being useful and
used on the job. Insufficient success has been achieved in
training the NCO's to use the distributed materials correctly,

. i-_ and in assuring that "the water gets down to the end of the
row". Put another way, the Army has not solved its three person
problems in assuring that training on the job is correctly
executed and gets the desired results.

* The feedback paths for assurance data are not shown on the
diagrams in Figures 2-4 and 2-5. The feedback data paths
could be indicated on the charts as electronic signal paths
going back from the second and third persons to the sending
agency. For materials improvement, the sendin a encv is the
TRADOC school, or ATSC. which requires data on t .- c . r.. .z.
of thE- mafrials d ,-rihuod.

Figures 2-4 and 2-5 can be adapted for com.-unicataons other
than training, and signal paths can be depicted going back
to the agency involved. For example, in the SPA's program,
it is important to know whether the job aids are functioning
properly on the job in increasing the number of ready weapons
systems and decreasing down time and cost of false or erroneous
repairs. An important consideration in ACTO's design of new
information systems to support these delivery systems must be
upstream feedback paths utilizing network communications
technologies.

-- The Need for Feedback Data to Assure Tha t Messages and Traininc-
"Reach the Third Person ." The reader might be tempted to
assume that the symbol chosen for the work of an organization,
an arrow emerging from a bracket, implies one-way communication.
This is definitely not the intent. The implication is two-way
communication. The use of the word "assurance" in three of
the delivery systems and "improvement" in another one implies
considerable interest in data to assure that the mission of
each organization is being accomplished. To solve the three-
person problem, this assurance data must be obtained from the
final end users, symbolized by the second and third person or
persons.

THE SIX SCENARIOS AND THEIR RELATIONSHIP TO THE FIVE TYPES 0?
SUPPORT SYSTEMS

In a previous ACTO study, "Storaze Media for Electronic Inform:.-
tion Delivery Svster..m' (Bundesson, Pet-, and Bearnson, 19S ),
six scenarios with severa sub,-scenarios were described in de,. ai'.
These scenario.s car. now Ie grcurd under the- five Iog-ical:"I
necessary de liver%- 5s.tem dErived in the la st section. T h
grouping is as follo'.:

I. Scenarios Need.d for Phas'- I Tt-,chanc De i\or (TRADOC Sch._

Scerario 3a , T7 ' chi, g T)( iV( \ T,.I C S.,
any 0other .(,rma t r i r. an I:, 11..

.1
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S e- ario 2b. Where maintenance VOSs are taught at a
f omal school, the same SPA's delivery system for field

use could be used during training. Soldiers would
be familiar with the maintenance aiding equipment when
they went out on the job. This is a good solution to the

three person problem. A person already familiar with his

eventual tool would be able to utilize it during Phase 11

of his career. He would be able to demonstrate the correct
use of it to others as they came on the job.

Scenario 3b. Two-dimensional simulation in the TRPDOC
schools.

2. Scer.narios Ne-ded c,,r Learner Qualit, Assurance

Scenario 4. Electronic Delivery System for the recruiter.

Scenario 5. Electronic Delivery System Supnport for
Administration and On-Line Testing at the Armed Forces
Enlistment and Evaluation Centers.

Scenario lb. On-the-job learning using an electronic

delivery system to improve basic skills (e.g., BSEP
program).

3. Scenarios Needed for Teacher Qualitv Assurance

This function has no single "home" and is not fully and

effectively imnlemented at this time. In terms of electronic
information delivery systems, it would use the same delivery
systems used in Scenario 3a at the TRADOC school during formal_
teacher training activities. On the jot, it would use
distributed information delivery systems for NCO training. ThE

materials development delivery system must have a significant

role in developing trainer training maerials and seeing that-

they are packaged along with the job training materials for

soldiers. Otherwise, this vital function will continue to
be performed poorly or not at all, as at present. This
analysis may indicate the need for organization of some propc-
ne.t or teacher quality assurance on the job.

4. Scenarios Needed fcr T.' erials Develorment, DistribuLon and

m1-,r ¢)vemc.i. t

ScEnario 3a. N!aerials Development at the TRADOC Scho,..
Also, general support frorr ATSC at Ft. Eust :s and Toby-

hannah, and by other Army organizations for developing
materials or mna ing contractors.

5. Sc-nrioNe,-d- d fcr P' II rc ninc or Futur<- Asur:r.

This function re.quir--s the mos rex dvei ,.nment becaust i ]
the on- that has boa n I ast a J]-qua I i M'm -em 1 Ind. Thus, ]
has the r. r. v sil-narls Is>j ,cc wtn it. lnclud t,c hc

P. T. i~s'. , n r ,.d - ' d " .,
t,, t N :c-,.
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lb. The use of distributed electronic delivery syste.1-
by the individual soldiers.

Ic. The use of electronic delivery systems and portable
memories for management of training.

Id. The use of distributed delivery systems and portable
memories for group training and the ARTEP.

2a. The SPA's delivery system for maintenance aidinz
on the job.

2b. The SPA's delivery system for maintenance job-
training on the job using ET..

2c. The use of electronic delivery svste._s an, portw. •
memories for logistics control on the job.

With but a feu exceptions, the detailed discussion of the e
scenarios is found in chapter 8 of the Storage Media Report
(Bunderson, Pett, and Bearnson, 1981, pp. 113 through 181).
This chapter has not been revised for this study. The chapter
is quite extensive and cannot be repeated here. The exceptions
and changes to the published discussions are as follows:

(1) Scenario Id has been modified by follow-up investigation
of portale memory technology. The storage media pro-ec,
shoved that the magnetic stripe technology was not
adequate as a portai 2e memory for the soldier's trainirz
and training management records. However. three nex%
technologies are excellent candidates. One is a chip in
a card, the other is a chip in a rugged object like a
plastic key. and a third is an optical direct read after
write strip on an I.D. card. These portable memories are
illustrated in the scenarios shown in Chapter 8 of the
previous report. However, scenario ld was not sufficiently
explicit in how the NCO would obtain ratings on soldier's
hands-on component and job-site component performances or
how the NCO would obtain quantitive scores (at least "go"
and "no go") for ARTEP tasks. The solution to this problem
is to provide a hand-held prompting and scoring device
that the NCO, trainer, or tester can take into any location
to observe manual performances by individual soldiers and
by groups. Tht hand-held device would promrt one by one on
the different ta.sks that were to be performed and the rater
would enter "g(,'no-go'" or numerical ratings into the hand-
held device. This device might have in it a very smill
readeriwriter for the port abl( memories associated wv'ih Iln t
individual sciicE rs or i th the individuaI un i.
and t hesc remor ae cou d i,.- ui da ed inst an I v. A]1 rn .

th - hand-h,] r c', n rai a nI, d % vitf ou Id ht sJ
ccu Id k e-. t,.l.- re .,C,'d - : ai. iL rn I] m (-:.,(,ry kh i L'h C1. "
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7 later be read into a work station. When the portable
memory (e.g., I.D. card with memory) belonging to the
individual soldier or the unit leader was later read

77. into the work station, it could be updated.

(2) Scenarios lb and lc, which describe how the soldier uses
job-training discs to obtain individual training, needs
to be updated in a minor way as a result of the analysis
of the Learner Quality Assurance delivery system. In
addition to job training discs and interactive programs,
BSEP materials could be implemented for delivery on-the-
job. This requires no changes in the procedures for
scenario lb, but requires that BSEP be integrated into
the Plan for Continuing Individual Training in Units
(PCITU) discussed in scenario Ic.

(3) Another scenario that needs elaboration is that of the
electronic office. The important elaboration is to
consijer the requirements of command and control for
iorce commanders. The important consideration is whether
special provisions must be made for the administrativE
and control activities associated with command and control
hardware and software in the commander's office, whether
in a garrison or in the field.

The Role of the M'emory Card in All Scenarios

The concept of a portable memory card (or small object
containing a memory) has considerable significance to all of
the scenarios. There are two reasons for the importance of
this concept:

1. The portable memory and I.D. card can serve as the
"kev" to unlock the system and in so doing, can
provide assurance data on utilization and performance.
This data can be summarized and utilized by higher
comands.

2. The portable memory makes possible the distributed
network in which all of the work stations in an
area can be stand alone. No "wiring up- is required
since data can be transferred from work station
to work station manually on the cards.

I. The card as "key" o the system. Using a small portabl

memory as a way of obtaining access to any station has sevr-

advantagcs. First, it reduces input errors. Entering th(
social security number or some other code number or name
can bc time consuming and error prone. The card contains
a]- identifying information for any user. A short password
or passcode can be associaled with it for security if neces arv,
but in either case, acccess to the sst em is greatly simplifi •.

Ii
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Second, since the card contains an updated version of the
soldier's training information and history, this and the current

6 0 transactions can be logged in the non-volatile memory of each
work station. this is an unobtrusive way to collect data

on utilization of a system. Whether or not the utilization is
achieving good results can be determined. This for the first
time makes training accountability a possibility. Third,
frequent insertions of the I.D. card into each work station
allows back up copies of the soldier's record to be made from
time to time. This provides security in the event of loss
or destruction of the card.

Figure 2-6 illustrates the I.D. and portable memory card as
the 'key" to unlock the system. Figure 2-7 illustrates three
promising technologies that should be explored for use as the
portable memory. The I.D. card with chip in it is illustrated
at the right side of Figure 2-7. The chip is stored under
the small circular contact plate in the upper right hand
corner of the card. Tape bonding techniques are now available
to package integrated circuit chins in standard-sized credit
card plastic stock. The object in the center is a commercially
available "data key." The key is inserted into an inexpensive
receptacle and turned to engage the portable memory. The
key is quite rugged and could be included on the dog tag
chain or a key ring in the soldier's pocket.

The third competing technology is depicted at the far left
of the figure. The Army has already decided to use the magnetic-
stripe technology on an I.D. card. This is inadequate for the
purposes discussed herein. However, a new technology, the
op-ical strip, developed by Drexler Industries, is a candidate
technology. This strip could be distributed on the same card
as the magnetic stripe but would use a different reader with
a laser. The laser would burn microscopic pits in the optical
strip as new information had to be accumulated. This is a
non-erasable medium and would not be subject to damage by
magnetic fields. The record is permanent. There is so much
storage space available (about 3.6 million bytes) that the
card could be used for a long time before it would have to
be replaced with a new card (or a new strip on the same card).

2. Portable memories reduce network reauirements. Since each
soldier carries his own training record on a portable memory,
there is a way around "hard wired" local networks. These may
not be feasible in some military locations. Stand-alone
work stations will do the job so long as they are each

equipped with their own secondary storage, such as floppy
disks, bubble memory, or Winchester disks. Figure 2-S
depicts an NCO who has gathered the cards from his own squad,
or in the case of a company com.mander, from his platoon leaders.

* lie is about to read them into an administrative station so

I'
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that he can su.mmarize the records from this lower level of
cor.mand. His cornander in turn can request access to his card
to read it into another work station for yet higher level
summaries. If the card reader is available at each work
station anyway for the reasons described in (1) above, then
this additional option is available. This would have some
advantages when only a few stand-alone work stations are
available at a reserve center or a National Guard center or
some field location.

Summary of Scenaric Analvs.s

This chanter has so far presented an analysis of the ACTO
mission into a three-person problem, for communication and
training, and showed the five types of teaching suZ:ort systems
needed to solve the problem. Two of these five functions,
Teacher Quality Assurance and Phase Ii Traininz or Future
Assurance have not been adequately implemented yet in the
Army. One of the major reasons for this lack of successful
implementation has been the limits of the current delivery
system. The distribution of printed materials and hard copy
audio-visual materials is not sufficient to implement these
delivery systems in a proper manner. It must be possible to
replicate interactions. These interactions can prompt and
guide NCO's in how to train, and can prompt and guide soldiers
through training activities, maintenance aiding activities,
logistics aiding activities, etc. The neN technologies of
computer chips and mass portable memories make it possible that
interactions and data can be replicated and distributed to the
job sites. Thus, it is only recently that there has been an
opportunity for adequate teacher quality assurance and future
assurance activities to take place.

In fulfilling its mission, ACTO must not only define the
technology portions of these new delivery systems (and of the
three established delivery systems); ACTO must also consider
the roles of the people and the new traditions (both written
and unwritten) which must be established to accomplish their
mission of 'transferring ideas in a way that ensures under-
standing of meaning and intent." By basing this analysis on

the three-person problem for communication and for teaching,
it is shown hoA ACTO's mission can be accomplished. Thus,
the new electronic delivery systems being designed by ACTO,
augumented by "soft technology' approaches to fit the systems
with the people and traditions, can bE sufficient to the
entire need.

_4
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The set of required scenarios can be analyzed ag:ainst
the different types of hardware devices to find a minimal
modular set of components. Then the presentation features
of that minimal set of components will be elaborated, studied,

'S" and recommendations made in the remainder of the report.

BASIC SYSTEM, TYPES REQUIRED BY THE SCEX'APIOS

In order to determine the presentation features required b.-
each of the scenarios presented above, a careful analysis
of each scenario and sul-scenario was und.rta1en. A matrix c,
sun-scenario by candidate features was prenared. It cuic ki I
became obvious that there Is a great deal cf overlan in t. n
basic syster, types across the scenarios. For exmr, le, an NCc,
at a battalion learning center who is receivin_- refresher
training would need features identical to those of a student. .S
another example, the NCO in a battalion learning center who is
registering students would need the same capabilities as an NCO
at a TRADOC school who is performing the same function. The
nattern of candidate features was roughly qrouced into five matcr
sy'stem tvyes.

This grouping is sun~arized in Table 2-1. The five types of
delivery systems are listed as column headings. Three of the
system types are all variations of the basic electronic
delivery system for use in a sheltered environment. Thus
economy of scale could be gained by having the same basic
CPU, memory, and communication hardware and software and plug-
ging in different display, response, and mass memory devices
as needed. The militarized electronic delivery system must
be rugged and portable. It can be used for job aiding and also
occasionally for training, using Extension Training Materials
(ET-). Because of its portability and ruggedness it might be
used in a variety of training or job aiding applications where

.i a portable rugged workstation is required. An example is the
testing and enlistment processing scenario. Testing takes
place at mobile evaluation team sites that are rented te.--
orarily for ASVAB testing.

The, row heading: in T :t 2 - 1 are (h various senario: ".c,
sui-scenarios gfiu-d u-r i t- kinds o! orzan;izat iona1
functions explain,-d ir. this chanItr . Either an X or a que,<11c,
mark is indicated in each ro under the appropriat - colum-..
A single X in a r , means that the functions renuired in th,
scenario can bt m lu et b- th- on. s2pzoort sy'ste- nar k C.
Ii a qu-s ion rr,;:rk i- ain c ated in other coumn. this mean:-
that a ren-uirem. nt exist I(,,- th(. lunc-Lions to, soe ames air..
place via a support system other thar the primary one. For
example, for scenario 5, testinz and enlprocessig
the office administration svst., a monochromatic graphics ano
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Table 2-1

- FIVE ELECTRONIC DELIVERY SYSTEMS REQUIRED BY THE SCENARIOS

EIDS WORK STATIONS } EEI S
(SHELTERED ENVIRONMENT) (RUGGED, PORTBL)! HAND-HELD

1 2. OFFICES 3. 4. JOB AIDING 5. S T
SCENARIO TRAINING & ADMIN. 1AUTHORI;.G & OTHER ET" APTEP. ETC.

- PHASE I TEACHI:NG DELIVERY p t

" 3a Teachino at Scnool X

*j 2b Teaching on Units toI
be used in the field y

2c Two-Dimensional
Simulations X

* LEARNER DUALITY ASSUPA'E II
4 Recruiting_ X__
5 Testing and Enlist-

ment Processina .. . ?

I lb Upgrading Basic
Skills on the Job X ?

TEAChER QUALITY ASSURANCE

I Software to Teach
and Guide in any
Apnlication x X

,TERIALS DEV-LOPMEN7T

3b Authoring at TRADOC
Schools, AT_ __SC. Etc. ____X

FUTURE ASSURANCE

la NCO Use x ?

lb Soldier Use T X ? _

lc ManaQenent of
Traininc X _

2a Maintenan-e Aidinni |__ X

2b SPA's ETM x x

2c Loaistics Co1_r I__l_ _

6a Electronic Office y _ _ _ __

6t Conmand and Control - X

.
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character display terminal is sufficient to meet all of the
requirements specified by the Navy for a system they wish to
procure. However, the training workstation with attached
videodisc could introduce some more realistic kinds of tests

t in the future. Also, the portability and ruggedness of the milita- .
rized terminal (which also has a monochromatic graphics
display) would be suitable for transport to the Mobile
Evaluation Team sites for testing. For other rows more than
one X is marked. This means that the function required by the
scenario needs to take p1ace on more than one of the delivery
svsterrs. For exarrle, the function of teachcer quality assrne
is applicable to every delivery systerr. In ev-ry case thc-re
are sunervisors and workers who must learn to use the de-livery
system. Whenever supervisors are placed in the role of
trainers then the teacher quality assurance function is
importani. The deliverv systems should have some sel -teach-n.
and self-prompting functions built in to them to assure that
supervisors can easily train new people in the operation of
the equipment. Another area vhere more than one X is marked
is in the manaaement of training. Ratings of individual and
group performances in the field must take place on the hand-
held unit. Hot~ever, data collected in the hand-held device
from this field activity must be transferred back into either
an administrative terminal at the company or battalion level
or into the platoon or company level xorkst at ions used for
training. Further detail on each of the five delivery syste-r.
types is presented belo\.

Delivery: System ]. Instruction in a Sheltered Environment

Figure 2-9 depicts this system type. Two soldiers are shown
working independently at each of two workstations with attachcd
videodisc players and keypads. One of the soldiers might be
studying jot training materials, another might be taking an
SOT test, either for practice or for the record. A small
group of five soldiers is shown working around the same work-
station with one of them controlling it by means of remote
control keypad. An NCO is shown assisting an individual soldier
by showing him an actual piece of equapment that is being
simulated on the workstaio. These workstations may be
equipped with their own magnetic memories, or may share a
larger macnetic memory, as shown in the figure. Other
perinherals may be shown, such as a printer for administrativ
and communication purposes. This system would be utilized
in a TRADOC school and also in the garrisoned units, and i,
learnin7 centers at the appropriate level.

Delivery S, -t (e 2. A immnistr: on .n-rr'm, nt in a Sie _

Envl a r .. -, .

This rir -,ic'ie -d ir: f i -ure 2-I0. A vidc-odi sc pln,cr
1s not - u4red i, r th i a, ; an 2:2 r, c) onr disI : I
noT a ~v r'-2u2 r'-d, , thua' h at rvu] .c tI,. al,- ratie , .51,:i: I

6 . .. . . . .t
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in command and control situations. One of the options to th-
administrative terminal is the printer shown depicted in

* figure 2-10. The administrative terminal has application in
numerous scenarios.

Delivery System 3. The Authoring System

The main authoring terminal should be the same as the regu'.ar
Delivery System 1 terminal but with more options. That is,
in addition to the videodisc player and the color display, a
full keyboard should be provided and a variety of other input
devices corresponding to the devices that will be on the EID
terminals for which the materials are being, prepared. Som.-
kinds of authoring only require the administrative terrian,-.
Indeed, it can be said that in the electronic office scenario

j where communications are being prepared to be sent elsev.here,
a kind of "authoring" takes place. Thus the features of the
authoring terminal could leverage greatly the work of those
preparing the communications. The co=.unications could be
prepared in forms other than straight print, requiring some
graphics capabilities to speed communications, lower the number
of pages, and reduce reliance on the written word.

No illustration is provided for the authoring station, but the
basic processing and communication components would be the same
as those illustrated for the training and administrative
delivery systems.

Delivery System 4. Job Aiding in the Field

This delivery system is illustrated in Figure 2-11. It is
packaged in a small attache case-sized unit. A flat panel
monochromatic graphics display is visible. A hand-held remote
control keypad communicates with the system to call out the
pages of SPA's material to aid in the particular maintenance task.

Delivery System 5. The Hand-Held Record Keeping System

Figure 2-22 shows an NCO rating each of the sub-tasks on an
ARTEP as soldiers in his unit perform one of the sub-tasks.
The hand-held unit must be capable of displaying short prom;t-
to the NCO that guide hire in the sub-task being rated. This
same hand-held unit could be used for inventory and logistic-
control applications. The soldier using it would be prompted:
by statements to locate and identify certain items and %ould

P4 enter the number found into the local memory.

Together, these five system types were 1ound to encomr-p:
virtually all of the candidate features for the scenario-
which are. described in the storapc- media report, and as au:...
herein. These five system types, are- used in the cosi analy:-2-
reported in chapter &.

I- *1
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C"APTER 3

INSTRUCTIONAL DESIGN CONSIDERATIONS FOR PRESENTATION FEATURES

I.

This chapter will present subsections for each of the following
major presentation feature topics:

I. Visual Elements and Graphics
II. Color, S;ading and Gray Scale

III. Motion, Animation and Still Frames
IV. Sound and Voice Input and Output

V. Interaction Processes

For sections I-III the results of several major reviews are
summarized. These reviews concern the use of visual, graphic, color,
and motion presentation features. The reviews are Dwver, 1971,
1978, 1980; Gulliford, 1973; Merrill and Bunderson, 1979; and
Moore and Nawrocki, 1978. A summary statement is presented first
for each section, followed by the guidelines and the supporting
research.

SECTION 1. VISUAL ELE.MENTS AND GRAPHICS

The major point from the reviews on realism and visual elements is
that meaningfulness is more important than realism--hand sketched
line drawings which highlight critical points can be as effective
as detailed colored pictures. The critical factor appears to be
the match between the 1 raphic and the learner's relevant knowledge.
Simple line drawings e appropriate for those who are new to a
subject area and are being externally paced through instruction
(e.g., byv a videotape). Too much detail in too little time ca..
impede learning by obscuring the major points. Conversely, for

learners who are already experienced in the content area, who are
visually literate in graphics conventions, and who can self-pace
at their own speed, more detail gives real world experience
finding critical features on their own. In this case more realis.;
is appropriate.

* Visualization containing too little or too much realistic detai"
ma lead to negat ive mot ivat ion on the part of the student
Efiectiv( visualization contains sufficient information to
encourage active student participation without simultaneously
interfering with his/her attending to the stimuli (Dwyer, Ic9o,.

* The array of different types of available visualization rer-'-"'--
increas-ng degrees- of real i Tic, detail (from line drawing> tc
realistic photographs). Ex.ssive realism in a visual m.
imned,- rath-r than facilitat( otimrnum student achievement--t :.
visual m:'. contain s, man', stimuli that the students arc una.
to focus their perceptual ene.rgic-s long enough or clearl:
en~2gL to enWa~g(, in the kirJr of interict ion necessary icr th,

-9{
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desired kinds of learning to occur. Consequently, a photograph
of an object or situation may present a "perfect image of
reality but may fail to clearly illustrate that part of the
message to be communicated (Dwyer, 1980).

* Different types of visuals (containing varying amounts of
realistic detail) can provide the learner with the same informa-
tion without providing the same amount of stimulation.
Consequently, two different types of visuals may have the same
instructional potential for facilitating student achievement.
Operationally then, differences in the amount of realistic
detail contained in visuals has to mkIe a difference to be a
differe:nce. Visuals are functionally identical if they are
indistinguishable in tirms of improving student achievement
(Dwkyer, 1980).

* The process of simplifying or editing realistic detail from
visuals may reduce or eliminate important characteristics

prerequisite for learning to occur. It must be possible to
distinguish relevant from irrelevant aspects of an object or
situation. An edited visual may provide a too narrow
perspective of reality where the student is less able to
recognize necessary patterns essential in making meaningful
interpretations. Ediiing or simplifying realistic detail beyond
a certain point does not lead to uniformity of perception
(Dv"%er, 1980.

The relationship between the amount of realistic detail in
visuals and student achievement is curvilinear rather than
linear. There are points beyond which increases in the amount
of visual stimuli in visuals impedes rather than facilitates
learning. For this reason the amount of stimuli in visuals
should probably be thought of in optimal rather than maximal
terms. There is an optimal level beyond which adding additional
realistic detail provides no further increases in learning.
(Dxwyer, 1980)

The advantages and disadvantages inherent in different types
of visuals need to be identified and isolated functionally in
relation to their relative contributions in facilitating
specific kinds of learning. Only when this has been achieved
it is possible to effectively manipulate and integrate
tne different types of visual materials to ensure that the
ones being used are the ones which will produce optimur.
learning. (Drwyer, 1980)

* The realism continuum for visual illustrations is not an
effective predictor of learning efficienc, for visualized

instruction which is externally paced. (Dwyer, 1978

* Visu-al illustrations containing different amounts of realisti&

detail can transi;.it the same amount of informai ion wkithou t

providing the sam,- amount of visual stimulaton. (Uwy'r, ln7.-
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5 To reduce the effects of individual differences in learning
from visualized instruction both simple and detailed line
drawings are more effective than photographs. (Dwvyer, 1978)

* The instructional effectiveness of a specific type of visual
is related to the number of relevant cues present--either too
many or too few cues affect learning adversely. (Dwyer, 1980)

0 Simplified line drawings are often more effective than
complex photographs for instructional purposes. (Moore and
Nawrocki , 1978)

* A line drawing appears to be as good as a realistic
presentation...usang line drawings to represent itemcs
results in faster, longer retained learning. Increasing
realism in a visual does not always cause a significant
increase in learning. Since we learn from the boundaries of
shape, providing total realism seems to be unnecessary...
A learner should not have to discriminate between relevcnt
and irrelevant details. (Gulliford, 1973)

Graphics are not necessary and may actually be distracting
if they are used as signs for concepts, objects or events with
which the learner has had considerable previous experience.
Under such conditions, the added external visual or graphic
is redundan with the learner's mental visual image, and thus
may not facilitate performance. Graphics become helpful and
vital when the learner is exposed to new concepts, objects,
or events for which he has no labels and/or corresponding
visual images. (Merrill and fLunderson, ]!779) "

Pictures, colcr, realism, and motion generally increase the
attraction and interest value of materials, are preferred by
learners of all ages, and may significantly reduce attrition
from training courses, (Merrill and Bundersion, 1979)

Simple line drawings, color or black and white, appear to
be the most effective type of graphic for increasing
achievement. (Merrill and Bunderson, 1979)

.Methnd of Presentation

There is a relationship between how visualization is presented
to students and amount of student learning that will occur.
The types of visuals most efficient and suitable for the rapid
transmission of information (externally-paced instruction) are
not the ones most effective in facilitating optimum amounts of
information in a self-paced instructional format. Simplified p
line drawings (black and white and color) were more efiective
for rapid transmission of externally paced instruction. Co or:r
realistic photographs were most effective for self-paced
instruction (Dwver, 1980).

When complex visuals are us-ed in the instructional process.
the student needs adenuate time to makE t he ]'.,.. percepluaj
discrimination. C(',r . 198(';.



Level of Educational Obleciive

No single type of visual can be identified as being most
effective in facilitating student achievement of all kind., of
learning objectives. Many of the conditions of learning are
specific to a particular medium, to a specific type of
educational objective, to a particular type of student, etc.
(Dwyer, 1980)

* There are some types of learning tasks for which increased
learning cannot be enhanced by the use of visuals (e.g.,
verbal information). (Dwyer, 1980)

Visual Testing

When visualized instruction has been properly designed and
employed, visual testing provides a more reliable and valid
assessment of the students' level of content acquisition.
(Dwyer, 1980)

Individual Differences

Specific individual difference variables are important
instructional variables (age, I.Q., prior experience, reading
comprehension) which determine the effectiveness of different
types of visualization. For example, learners being exposed
to a new content area would profit optimally fro:- line
drawings whereas individuals more familiar with the content
area would profit from the more realistic types of illustration..
(Dwyer, 1980)

* Some types of visuals (e.g., simple line drawings) are effective
over a wide range of audiences, methods of utilization and types
of educational tasks. (Dwyer, 1980)

There are individual preferences and learning abilities
for visual and verbal modes of instruction. (Moore and
Nawrocki, 1978)

Learning Preferences

Visuals and color are generally preferred to black and
white. (.,oore and Nawrocki, 1978)

Visual multi r;edia .vstems can reduce attrition. (Moore and
Nawrocki , 1',78;

A learner control system which allo'.vs students to select
that treatment which would be most appropriate for them at a
given point of time may be more effective than assignin:
students with different abilit ics to a small number of altc'r
treatments,. (Mrrill and Bunderson. 1978



Attention and Cueing

-- The ability to focus one's attention on relevant cues in a
learning situation is fundamental to all learning. For
a visualized presentation to achieve maximum instructional
effectiveness efforts have to be expended initially to
attract the student's attention and then to sustain the
attention over extended periods of time. (Dwver, 1978)

" Maximum learning from a visualized presentation may depend
on the judicious juxtaposition of several different types
of cueing techniques rather than the simple nature of the
visual stimuli contained within the visualization itself.
(Dwyer, 1978)

Instructional Content

Visuals are better than verbal stimuli for recognition
and recall tasks. (Moore and Nawrocki, 1978)

Visuals and color are useful when the learning task requires
a visual or color based response. (Moore and Nawrocki. 1978)

Instructional Design

*"The relationship of the timing of occurrence of (instructional)
events is of more crucial importance for effective learning
than beautifully prepared materials. (Gulliford. 1973)

. The general conclusion that emerges is that more often than
not, there is no learning advantage to be gained by a fancier.
more complex treatment. (Guilliford, 1973)

Interactive, dynamic, computer graphics offer a unique but
largely unknown training application potential. (Merrill and
Bunderson, 1978)

Bretz (1971) has identified four guidelines for determining
whether or not to use visualization in instruction;

Is visual recognition and identification of objects, signs
or s v:,,bols other than language symbols an objective of the
lesson or required for job performance?

Is the recognition or recall of a procedure, the physical
actions or positions of which are unfamiliar lo the learner.
one of the objectives of the lesson?

Is the under.standing of two-dimensional physical or sp-ati '

relationships an objective?

* Is the recall or recognition of the three dimensional structur-
of some physical system or object required?



Merrill and Bunderson (1979) also provide the following sp(-cific
guidelines for various types of training objectives:

*,- Rule learning and using. The learning of complex procedural
rules can be facilitated through the use of representations
such as flow charts which graphically portray the order of the
operations of the procedure and alternate paths which could
be taken at decision points.

" Classiffying. Pictorial graphics should be used as examples of
concepts which have concrete referents. In the initial stages
of training, simplified pictorial graphics should be used in
order to isolate and highlight critical attributes. Later
stages of training could employ more realistic graphics in
order to facilitate transfer to the real world environment or
task.

Identifying symbols. Considerable drill and practice with
corrective feedback using graphics of actual symbols may be
required in order to learn adequately how to identify symbols.

* Detecting. The training of detecting behavior should involve
the presentation of graphics within significant blocks of
time and space which are realistic in terms of both the object
itself and the natural noise of the environmental setting.

.Making decisions. Training in decision making should involvc-
instruction in the use and interpretation of various nu:-, raca2

relationships represented in both tabular displays and figura
graphics.

Recalling bodies of knowledge and using verbal irfor.aT2on.
A graphical representation of the relationship bet;keen vari-ouI
facts and ideas can provide organization and -ning which
may facilitate the storage and retrieval of verbal information.
Pictures or line drawings inserted in textual. verbal informa-
tion often have no effect on performance since they only
illustrate concepts which could have been readilv visualized
from the textual description.

Performing cross motor skills. The demonstrat~on of a cc : ]c-x
motor skill in real time may be too fast. io .ever, s i,,nt o
could demonstrate the continuity of the movemenTs: while
permitting critical aspects to be perceived. A videotap- of
a trainee's motor skill performance may be a very valuab,,
feedback device.

Steerinc and guidinr-continuous maovemnt. Graphics usec 1(
present tne relevant cues for steering and guiding behavior
should have a high relationship to real world nois, and tim

cond:tions in the later stages of training.

R -callinc procedures. Dositioning movement, If the procc,-,dur,
to be learned involves the asseml\], or disa,-s,-mblv% of a
piece of equipment with man% parts, then graphic- would b,
necessary to sho the various, parts of th(, equipm'nn and
their relationship to each other.



Voice communicating. In general, graphics would not be

necessary in the training of voice communicating behavior.

*0Attitude learning. Human modeling seems to be the most
applicable, and probably the most effective approach for
attitude learning. Attitude learning involves the imitation
of a credible and respected human model's choices of action.
A human model may be presented in several ways: appearing in
person, in pictures, in movies or TV, or merely described
as in a novel, history text, or biography.

1.2 SUPPORTING RESEARCH ON VISUALS AND GRAPHICS

Realism in Learning

A major issue in the media literature is whether greater degrees
of realism in the presentation improve learning. Francis
akyer (1971, 1978) has conducted a systematic and exhaustive
study of this issue. The results of his work suggest that realism
does not necessarily improve learning performance and that simple
line drawings are sometimes superior to photographs or a detailed
line drawing. Other research studies have also shown that less
realistic visuals are often very effective in instruction and
training (Borg and Schuller, 1979, Wicker, 1970; Paivio, Rogers.
and Smythe, 1968; Morgan, 1971: Wheelbarger, 1970; Hagaman, 1970:
Gorman, 1973).

A study by Borg and Schuller (1979) illustrates this point in
the context of TEC lessons. Borg and Schuller compared the
achievement and attitudes of Armor Crewmen (MOS 113) on two versions
of a lesson for tank boresighting. One version was the original
TEC lesson and the second was prepared with much simpler graphics.
The results showed that there was no difference in terms of
either achievement or attitudes suggesting that simpler art in
TEC lessons would be equally effective and acceptable.

Markham (1979) replicated Borg and Schuller's experiment using
the same TEC lesson but with even simpler, hand-drawn artwork.
He used both reserve soldiers and college students. His results
confirmed the finding that no performance differences could be
found between the simple and complex artwork.

One problem., with this general conclusion is that the criterion
measures in the experiments have almost always been paper and
pencil or visual identification rather than actual performance
tests. It may be that realistic presentations do not improve
performance on paper but might with actual equipment. For
example. Wager (1980) provided cardiopulmonary resusitation (CPE'
training in the form of text, films or actual demonstrations

"L.
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and then rated the students on their ability to perform CPR. Th(.
film and live demonstration group performed better than the tex"

group although none of the groups were able to perform CPF:

satisfactorily as a result of their presentations.

Experiment 1 herein dealt with this issue and found no important
differences in performing a cable assembly task, between line

drawings and colored pictures presented via videodisc. It also

found a speed (but not accuracy) advantage to training and test it.:
using the same type of presentation for training as for testing.
The data thus indicates that line drawincs vs. colored pictures

is not a critical factor, even in a perforrmance task.

There are a number of conditions which enhance the effect of

high realism in visuals. First, realistic visuals are more

effective in self-paced instruction when the learner has control
over the rate of presentation (Dw:er, 1975). Second, the
effectiveness of a highly realistic visual depends in part on the
number of relevant cues accessible to the learner within the

visual ( Dwyer, 1980). Third. color helps to augment the effect

of realism (Dwyer, 19S0, 1967, 1968, 1969). Fourth and possibly
most important. sufficient time to adequately process the
realism must be alloted (Dwyer, 1978: Dwyer, 1980).

The foregoing suggests that highly realistic displays, such as
photographs, modelsor real objects, can confront a learner
with too much stimulation too quicklv. If the learner is not

given enough time to process the information or is not
initially directed to relevant aspects of the complex graphic
the graphic could reduce learning. There is also a motivationan

aspect of high realism which mitigates the learner's difficulty
in processing these graphics. For example, young children
initially prefer simple line drawings. but after the 5th grade
they begin to prefer more complex visuals and photographs b% a

ratioof 85? to 15,?. Younger children do like illustrations of

the familiar, but as they grow older they like complex visuals

of the unfamiliar more. Adults lack interest in photographs
which are of new or unfamiliar material, especially when they are

ambigious (Spaulding. 1955). Students prefer to look at more
complex visuals (.yatt and Carter, 1979). They also will attend to

complex visuals for longer periods of time.

Thus. the motivation related to visual realism wil2 h' :
learner to "stay with" the visual, but the visual can overwh-..
the learner if it is improperly utilized.

Pi ct ure-

Research has also shown that pictures can Imlrr' ', inruclic:;
elementary reading (Peeck. 1974), hiph school mathma14a c
(Rasco, Tenn,,son . and Bnutwell 1975), hih schoo] and coliiz.
biology (D;,yer. 1967. 19,6S) and mriiiary fire fjrht nig
(Se] lman, 1972). A recent re\ieo of T%, -Ivye rese.Irch . tud: ,-

byLc.%in, and Le.sgold (1978) ha sho in thai r1 u ur - .c r.
facilitate pros,- learnn.p.



Line Drawings

Several researchers recommnend that highly realistic visual
presentations be edited of all irrelevant cues and the redundancy
of the relevant cues increased to ensure better learning. They
make a case for extensive use of the line drawing. a visual
which contains only the essence of the realistic situation
(Levie and Dickie, 1973; Black, 1962; Travers, l)67; Dwyer, 1978).
Line drawings have proven to be an effective means of visual
instruction a number of times, especially in presentations
which are externally paced (Attneave, 1954: Dwyer, 1967, 1968.

*1969, 1971, 1976; Moore and Sasse. 1971: Rusted and Coltheari.
1979" Borg and Schuller, 1979. Carpenter, 1954: Lwc.sda'ne and
Gladstone, 1958: May, 1965).

One important effect of the line drawing is to reduce the
difference betwkeen students of different reading levels (Park-
hurst, 1976). Line drawings appear to be very useful for
initial learning of concepts (Ryer and Schwartz, 1965). It
has also been found that children can reproduce a drawing by
portraying a skeleton of it, but cannot reproduce details
(Travers and Alvardo, 1970).

Visuals in Externally Paced vs. Internally Paced Instruction

- Research summarized by Dwver (1978) has shown that different

visuals are effective for alternative methods of presenting
visualized instruction. In externally paced instruction (e.g..
lectures, films, slide-tape, movies) where the learner has little
control over the pace of instruction, the simplified line
drawingc; in black and white and color were most effective for the
visual identification and drawing tests. No differences between
the visual and no visual conditions were found for the terminology
and comprehension tests. Color also enhanced the line drawingps
for both simple and detailed line drawings. Realistic photographs
were the least effective visuals for externally paced instruction.
See Table 3-1.

Table 3-1

EFFECTIVE VISUALS FOR EXTERNALLY PACED INSTRUCTION

Mosi Effective Vi.suals
Task Slide Tar' T%'

Terminology No visuals No visuals

Iden-ification Simple line drawing No visuals

Dra',xinp Simple line drawing Simple line dav,n -

Comprehensior. No visuals No visual.

Total criterion Simple line drawking No vi5=ua], "

In i nterna lly pac-ed inst ruct ion (e.g. . propram.:,,d in. iruc , c.
where the learner has con.siderable pc-r>onal cont]rc~lov.r i.
pace of instruction), black and white and colored phe:yrny:-
were the most effective type of visua].. See aV , 3-.
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Table 3-2

EFFECTIVE VISUALS FOR INTERNALLY PACED INSTRUCTION

Task Most Effective Visuals

Terminology Text without visuals

Identification Realistic photographs

Drawing Realistic photographs

Comprehension Text without visuals

Total criterion Realistic photographs

In studies comparing visuals in externally paced vs. internall>-
paced instruction (Dwyer, 1973a.b), the results show that
photographs and chree dimensional models were most effective
for internally paced instruction, while simple and detailed
line drawings were most effective for externally paced instruction.
A second study also showed that photographs, detailed line
drawings andthree dimensional models were most effective for
internally paced instruction while simplified line drawings were
most effective for externally paced instruction.

In su.mar , simrlified visuals are more effective if the
instructional pace is externallv (teacher) controlled. Realistic
photographs and models were more effective if the instruction is
internally (student) controlled. Color can effectively enhance
visuals for both externally and internally paced instruction.
Visuals were also more effective for achievement tests requiring
a visually relaied resnonse.

Visual Preferences

Research has shown that both chilCren and adults prefer instruction -
with color and visuals over black and white and non-visual
instruction (Dwver. 1978: Chute, 1979; Johnson and Roberson, 197:
Lamberski, 1980: Gulliford, 1973; Merrill and Bunderson. 1979.
Myatt and Carter, 1979- Simonson, Thles. Burch, 1979).

SLCTIO:; I. COLOR

11.1 Color Guidelines

There is: substantial evidence which attests to the fact ia:
the Juddciou.s use of color in visuals is a viable instruc:, nal p
vari a .e in improving student achievement of speci fic educn:
object ie . (Dwyer, 1980)

Varied , ethods of cur-ing visuazlZiZed instruction can be 1.,i
to heighten student int cre-- and enthusia-m hovever, co:>
repetition of a s ingl], type of cueinF zechnique m:.
produce di-sinter<.st and bore.do... (DiPXver, .8.



The inappropriate use of visual materials or ginicks in
the teaching-learning process may actually distract learner
attention from essential learning cues and depress subsequent
achievement. (Dwyer, 1980)

1, * All attention gaining cueing strategies are not equally
effective in increasing student achievement. (Dwyer, 1980)

(Visual and color) cues can be effectively employed to

facilitate student achievement of specific educational
objectives. (Dyer, 1980)

In general. color has little demonstrated effect on performance
but may enhance learning when used to emphasize relevant
cues and when actual color discrimanation is required.
(,Merrill and Bunderson, 1979)

Color is an effective instructional cueing device. (Moore
and Nawrocki, 1978)

The addition of color does not intrinsically increase

achievement. However, color can enhance achievement of specific
instructional objectives. (Moore and Nav.rocki, 1978)

Color materials are generally preferred to black and white.
(M,-oore and Nawrocki. 1978)

Color is benelicial for tasks which require a color-based
response. (Mocre and Navrocki , 1978)

Re-earch has found that people prefer to receive and interact
with presentations that occur in color. (Dwyer, 1978)

Color interests children, but there is no evidence that it
helps them learn. For older persons. the studies report

an apparent lack of color affecting learning. However, there
is evidence that it reduces the rate of forgetting on long -
term retention tests. Adults consistently prefer color.
(Gulliford, 1973)

Changes in brightness, intensity or color are important for
sustained attention,sensitivity and normal functioning.
(Gulliford, 1973)

11.2 SUPPORTING RESEARCH ON COLOL

The literature seems fairly conclusive on the fact th.::
color does not always improve learning, although it ml:v

result in slightly better retention (Allen. 2971: Ci'ut, ]1,
and almost always is preferred over bMack and white ore-nat>-.
However. it appears that there is a differe'Ice lietw.,c.n ih, u5-
of color ir motion pre.-entalions such as film or TV and stat -

IL



presentations such as slides or print. The use of color in
motion presentations (where it is often confounded with reals.)
does not result in significant performance gains. For example,
Kanner and Rosenstein (1960) and Rosenstein and Kanner (1961)

-- Q conducted two extensive studies with videotape using soldiers
as subjects. They compared color versus black and white lessons
along with verbal cueing and found no advantage for the color.
They concluded that labeled cues in black and white were as
effective as color cueing.

For static presentations, color may have some advantages over
black and white. For example in Dwyer's studies, colored
version. of line drawins were consistently more effective in
facilitating student achievement across all criterion measure..
Berry (1977) found that while both realistic and nonrealistic
color cueing in slides resulted in significantly more recognition
than black and white on an immediate test, only the non-
realistic color cueing resulted in significantly better recocnition
on a delayed test. This result suggests that color may not
irprove irmediate learning but may affect retention.

A significant learner variable which has consistently been
identified in this line of research is the interaction of
aptitudes with color. Generally color is more effective with
high aptitude learners (Allen. 1975). For example, Chute (1980)
shoed color and black and white versions of a film to students
with high and low spatial aptitude. On both immediate and
delayed tests, the low spatial antitude students scored better
with the black and white version. The difference was greatest

for the delayed test. This clearly has implications to Arm:-;
training. Moore. Nawrocki and Simutis (1979) have suggested
that the effectiveness of graphics may vary with an individuals
sratial aptitude. See also Kozlowski and Bryant, (1977;.

There are two pragmatic considerations which mitigate the
research results on color. The first is that the predominant
mode of media today is color. Whether it makes any measurable
difference in performance or not, students are used to, and
expect color presentations. Color appears to have stronc affect iv(v
appeal as indIcated by, the fact that most people prefer to watch
color presentations.

The- second pragmatic consideration is the wide range of color
quality found in television receivers in actual use, either a-
a property of the equipment or poor tuning by the u:,er. It s . -
somewhat ridiculous to carry out research on the precise quali :1a-
of color for TV viewingp whien thc actual quality of the color
will var:y so Lreatly in deliverT. This consideration a;-r']e
much less to slide, or film wh re th- delivery qualitv is mu '.
more uniform.

e-



Color and Affect

The preponderance of evidence shows that colored materials
are preftrred over non-colored materials (Malter, 1948; Vander-
Meer, 1952, 1954; Kanner and Rosentein, 1960; Link, 1961;
Rosenstein and Kanner, 1961; Miller and Booth, 1974; May and
Luxnsdaine, 1958; English, 1961; Scwietzer, 1963; Travers,
McCormick, and VanMondfrans, 1964; Jones, 1965; Chu and Schra~rm,
1967; Dwyer, 1972; Lamberski, 1972; Katzman and Nvehuis, 1972;
Scarpino, 1972; Puig, 1976, Chute. 1978: Gibson. 1974:

Johnson and Roberson, 1979; Chute, 1979; Winn and
* Everett, 1978; Zuckerman, 1954). In addition, two comprehensive

reviews of color research cite a number of studies which
support the claim that colored materials are favored by learners
over non-colored materials (MacLennan and Reid, 1967; Bretz,
1970). It has been shown that young children specifically
display a preference for interaction with visual materials T T
contain color (1,!acLean, 1930; Long, 1945: Rudisill, 1952;
French, 1952; Katzman and Nyenhuis, 1972). The preference
color among learners extends from its use as a coding devicE
to its decorative use. The research confirms a common sens(
notion that colored materials are more interesting and wide
preferred.

Color has a definite physiological effect on perceptual
mechanisms and can be attributed as the cause of various
emotional reactions (Goldstein, 1942: Cheskin, 1948; Kouwer, 1949:
Rudisill. 1952: Collier, 1957: Gerard. 1958- Smith, 1958: Birren,
1959; Schwartz, 1960; Rusenheim, 1967; Child, 1968; Nourse
and Welch, 1971; Plank and Schick, 1974: Bornstein, 1975; Chute,

. 1978: Adkinson and Berg, 1976: Bornstein, Kessen and Weiskopf,
1976). Color is more emotionally engaging for a learner (Winn
and Everett, 1978: Ditcher). Scanlon (1967) reports that color
"alters the importance of the spoken word." He also observed
that color helps viewers become more involved in the instruction
and less passive.

The significance of preference is established only if it can
be shown that the preference leads to increased attention or
motivation which in turn leads to increased achievement. A
number of studies have shown that color preference is
related to an increase in learner motivation and sometimes
increases in achievement (Ingersoll, 1970: Farr, 1971: Kahin.
1972; Lilly and Kelleher. 1973: Daniel and Tacker. 1974: Burke
Marketing Research. 1960: Kumata, 1960: Gallup and Robinson,
1965- Schaps and Guest, 1968: Schwerin. 2957; Max' and Lumsdainc.

1 1958: Birren, 1963: Dooley and Harkins, 1970: Dvyer, 1972.
1976a: Sc.,-amm, 1972).

However. it must be noted that there are some studies which
contradict the claim that preference is correlated vith a[ttent C:-
and achievement , many researchers having expressed reservat ions

* about the relationshi, of preference to achievement (Vander .
1954: L.v:r, 1972. 1976b: Travers 1970: Tvfrd, 1951) .

researchers do not dcn', that color might have an eff ect on

- -S- m l i -i h -i i m. . i ' - i. . .
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achievement but they do point out that there is no neceF-;sarv
relationship between the two. Lamberski (19S0) notes that
studies relating color and achievement in general which result
in color being ineffective may be using color inappropriately,
namely as peripheral or of low associative value. He summarizes
this claim saying, "color-code is a sufficient attention-getting
strategy producing measurable effects on cognitive learning which
cannot be accounted for by purely words or labels" (p. 108).

The research conclusively sho% s that color is the preferred
state of the instructional medium by learners. The attractivenesC
variability. and cor.nPlexitv of color in visual materials serve a
an interest gaining device which leads to attentive behavior
khich in tur-r. is more likelv to result in increased performanc.
Color-cod,+ng serves to simplify and categorize information for
the learner and thus enableshim to focus his attention or the
relevant.

Literature reviews on color often illuminate contradictory
findings and that leads to a stalemate of beliefs about the
impact of color on learning and performance. There are several
reasons for the inconclusiveness of the findings. First, the
use of the variable has not been properly executed in experiments
related to achievement (Lumsdaine. 1963: Lamberski). This can
exp.lain why man', studies using color in instructional materials
have failed to show any significant difference. and unless the
color directly relates to the instruction.adding color does not
lead to increased achievement (Dooley and Harkins, 1970;
MacLean. 1930 Gibson, 1952: anderMeer, 1952, 1 -54: Levie and
Dickie, 1973: Johnson and Roberson, 1979: Zuckerman, 1954; .Ma,
and Lu.sdaine. 1958: Kanner and Rosenstein. 1960: Kanner, 1961
Katzman and Nvenhuis, 1972- Kanner, 1968: Travers, 1967: Reich
and Meisner, 1976). Many of the reviews of the late 1960's
were skeptical about the benefits of using color in instrucTional
materials (Kanner, 1968: Lumsdaine. 1963) and possibly the reason
for that skepticism was related to inappropriate experimental
questions ana research designs.

Recall

Color-coding has shown positive effects on iTm ediate and dela-:ed
recall (Vander'deer, 1952, 1954: Lamberski, -1972. 1975: Kauffm:.
and Dwver. 1974: Scull , 1974: Hoban. 1975: Farley and Grant
1976: Berry. 1977: Lamberski. 198). Successful recall is
dependent on a number of other variables including age. time
of interaction, and attentiveness- (Dw\'er, 1972a: Frechtling.
1970) but the use of color a.s a coding device seems to have a
great impact on recall in visual and sir t i al tasks (Ot to an
Askoer, I 96 : D. er . ]972a: T.ici and M,:.sn ,r . 1973: Shaw . I £75 .

There is a substantial bodv of r-search_ that shows that color
enhance- recall or-, r t -r.d ,s-c)ciat(-s t ns (Co.i.ittee on
Colometr. 1954 : : and :,r~v- is, 954:' PC: erson and Pet c-r:.:.
1957: Und-r.om, }an and ikstr;,nd. 9(2 : Ber rr: P B r G od::.a .

I]



1975; Bu-hanan, 1975; Isaacs, 1966, Swede and McNulty, 1967:
Otto and Xskov, 1968; Corballis and Luthe, 1971; Arnold and
Bower, B xer, 1972: Newby and Young, 1972, Light, Berger,
Bardales. 1975; Petrich and Chiesi, 1976; Winn, 1976, 1977;
Green and Anderson, 1956; Bourne and Restle, 1959; Salz, 1963).

Schontz, Trumm, Williams (1971) showed that color helps
retrieval under the following conditions:

(a) there are many categories of information,

(b) the number of concepts per category is small,

(c) the colors used are highly discriminable.

Using color under such conditions will lead to better recall.

PerceDtual Tasks

Color facilitates performance in a number of perceptual tasks
such as counting, searching, discrimination, locating, and
recognizing. A very clear-cut finding is that if a target object
has a unique and pre-designated color coding known by the
individual, then color definitely aids in the identification of
that object. For target iden-.ification involving photographs.
color showed a 29'-c advantage over black and white (Markoff, 1972).
In identification tasks color is a superior code to coding by
size, by brightness, and by shape. Color is not superior to
alphanumeric coding, however (Christ, 1975). When a subject
is using a display where targets are chromatically characterized,
adding color to the display interferes with the subject's ability
to identify the proper target. This interference ocours
whether the color is central to the target or not. In a
search task, color is the best advice for coding, over size.
brightness, shape, and alphanumeric. In fact, color ranges
from a 407. to 637 savings in search time over these other types
of codes. The results hold for both older and younger individuals
(Lamberski, 1980).

Higher Order Copnitive Tasks

There is proportionately less research done in the area of
color affecting higher cognitive tasks. Color-coding during
concept acquisition may enhance subsequent learning( Lamberski,
1980). Subjects having color-coded instructional materials did
better on tests for comprehension and terminology than those
having black and white (Lamberski, 1980). Other studies
show that color coding used in active self-paced materials
(books, posters, etc. ) has no effect on concept-learning (Traver .
et al.. 1964: Rusted and Coltheart. 1979; Scarpino, 1970:
Dooley and iiarkins, 1970; Scull. 1974;.

p



K • Learning rates and performance were better in learning phonic
materials and beginning reading whe,-n color coded materials
were available in the form of underlining, shading, etc.
(Gattegno, 1962: Cruickshanck, 1967; Jones, 1968, Bannaty ne,
1966; Knafle, 1974; Lvczak, 1976; Hinds and Dodds, 1968).
Color facilities in dramatic portra I (Reich and Meisner, 1973).
Color also helps in tasks which require the perception of
movement (Travers, 1969).

Color Coding

Research show, s that color -an be u-ed as an effet-tive instruct icnal
coding device. Color coding is often as effective or more
effective than other coding devices. The su.;erioritv of color
coding over number, shape and alphanum-reric coding is well
established for location-search andor counting tasks (Christner
and Ray, 1961- Hitt. 1961: Jones, 1962: Christ and Corso, 1975
Christ, 1974, 1975: Barker and Krebs, 1977; Brooks, 1965: Dyer
and Christman, 1965 Green, Mitchell and Jenkins, 1953: Heglin,

1973; Smith, 1962: Shontz, Truman, and Williams, 1971: Green and
Anderson, 1956). Color coding also reduces reaction times and
errors for whatever task is being performed (Semple, Heapy and
Conway, 1971; Jones, 1962; Reed, 1951; Burnette, 1970; Christ
and Teichner, 1973; Smith, 1973; Jopala, 1979; Wolfe and Zigler,
1959; Reed, 1951).

Christ (1974. 1975) revie:,ed 43 studies on the use of color
code vs. achromatic codes and came to the conclusion that color

coding is definitely superior to other codes under some
conditions, but can be detrimental under others. It is not wise
to suppose that color coding is universally effective. At ti.-s
color coding may serve as "noise" when it is irrelevant or
overly dominating. Color is particularly harmful on some
identification tasks (Aliusi and Muller, 1958: Barker and
Kre1:s, 1977: Hitt, 1961). On some other tasks color had little
effect (Levie and Dickie, 1973: Kanner, 1968: Travers, 1967)
and in other (e.g. , comparing, verifying) no type of code was
helpful (Barker and Krebs, 1977). However, the importance of

color coding in organizing information (especially with densc •

displays), helping discrimination, and facilitating locaing ar,
all significant advantages.

The potency of color varje.s with the display densit-. F r
very dense displays color does not have a faci]ltating effect
and at the same time for very sparse displays color offers no.
advantage. Thuz. the usefulness of color does vary vith the
density of the display, its optimu, effect lying some.ere bex'-.-.
very dense and very sparse displa.s (Christ. 1975). Smith (i'-0:
showed that as dislay densi tv increas ed from 20 to 100 it .r>
using a coaor cod ° reduced search time over black and white ccd
by. 45 to 70-. Similarly, on a counting task for the s, am ra -
of dc,~- itn, colr coding reduced thr t.me on the task by 63-

to G9I. The efft'ct vens'- of color coding as a func ion of



display density would seem to show a curvilinear effect for
its superiority over achromatic coding.

When the display is simple and uncluttered any particular! _ code will make little difference in performance. However, as

the display becomes complex and dense, color has an over-
whelming advantage over any other code (Christ and Corse, 1975;
Linton, 1975; Wolf and Zigler, 1959; Green, McGill and Jenkins,
1973; Heglfn, 1973; Shontz, Trumm and Williams, 1971). Color
coding works better when the number of objects per category/
code is reasonably small (Shontz, Trumj and Williams, 1971;
Smith and Thomas, 1964). It has also been shown that color
codes are more facilitative when the target code is well know,,.n
in advance Green and Anderson, 1956: Smith, 1962: Brooks, 1965:
Barker and Krebs, 1977). When the subject already has a
strategy for dealing with a code already in use, adding color
causes interference with the strategy and can harm performance
(Kanarick and Peterson, 1971). Color coding can be superior
even to subscripts or underlining in comparison and counting
tasks (Smith, Farquhr, and Thomas, 1965). Practice with a
particular color code is very effective (Christ and Corso, 1975).

Processing Time

One significant finding is that color-coded instructional
materials recuire a greater amount of time to process and work
through than do parallel black/white materials (Lamberski, 196U).

Psychologically, color requires more time to perceive (perhaps up
to 4 times as long), process, and store (Dwyer, 1972; Berry,
1974; Lamberski, 1980; Gulliford, 1978). When instructional
efficiency is defined as achievement gain per instructional time,
color and black/white materials produce similar efficiency values
(Lambersl:i and .Mevers. 1980). Other studies confirm that
because of this increased demand for processing. unless this

demand is met color may be detrimental or insignificant on
learning (Hock and Egath, 1970; Dwyer, 1972: Young, 1973: Berry.
1974; Galbraith, Homann, and Cruetzfield, 1975).

Usinr Specific Colors

An important question arises about which colors are the
most ade-uate for use in coding. Color imagery is more quickl';
recognized than black/white; this difference is magnified as

resolution decreases (Markoff, 1972). Several studies have ex.

which colors are most quickly identified. In Table 3-3 the color

are listed in terms of increasing response speed from top tc
bot t or.
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Table 3-3
ORDERED RESPON3E T1.VES TO DIFFERENT COLORS, FRO'.

LEAST (TOP) TO GREATEST TIME (BOTTOM)

flMEISTER AND KREBS, WOLF AND BLOOMF IE D
10LEE (1969) -ULLIVAN (1969) SANDVIG (1978) (1979)

Red Red Red Red
Blue White Yellow Blue
Yellolw Yelloioo Mlagenta Green
Green Green WhitE Tan
BlIa ck Blue Blue Wh it e
Wh11i te Green

H HILG-N DOTE ( 1971) SMI TH (19C63)

Amber White
Violet Orange
Red Red

Green
Blue

Revnolds. White and Hilgendorf (1972) identified the followt.ing
colors as being associated with fewest identification errors:
GREEN RED. WHITE.YEL.

Cook' 2974) recom-mends using the following colors in a display:
PU:RPLE. GREEN. BLUE, YELLOW, ORANGE. RED. This conclusion is
based on his review of the literature. Caution must be taken irn
using the color blue especially for smaller symbols, lines,
alphanumerics. Wald (1967) reports that the fovea of the human
eye (that w-,hich serves to perceive details), is essentially -blue-
blind." Blue is best used for large blocks of color coding
rather for alphanumerics and small detailed symbols.

* Contrract

Some of the backg-round variables are impnortant considerations.
In gen'--ral , the greater the contrast betwe&en the background
and th.e- forezcround Colors the fewe--r the errors, that occur in
idc-r.Tafjcaiion (Barnes., 1970). The coptim=m symbol1-background
lumirnancce ratio is 10:1 (Barker and Krebs, 19 77). As contraFst
value in~creases, the readinp time of a color code decreases
sub-stantial Iv (Mclean, 19615) . Barnes (1970) reported that a
black l)a'!-..-rrund re!suLlted in the best performance while a white
backr*.c2-J-.n r,-c-ul: ed in the worst performancE.. Hie also found

th2 Wiw *.-1o; .or orange colorsc on a blackle backgrounc
r u I T (-d i an o , im um r e--fcrfrma nce wh en c om na re d i2t h ot h er c Pi or

at -,Io n



Height of Symbols

The symbol height of colored coded symbols is important in
display design. The use of small colored symbols results in
the symbols appearing achromatic or in alternate symbols of
similar color being confused (Bishop and Crook, 1961; Mavesing,

*1976). Smith (1962) constructed a table (Table 3-4) of
recommended symbol heights for symbols to be color-coded
according to the type of information being presented:

Table 3-4

RFCOM.V.-DED M]NI ALPHANULMER IC

HEIGHT FOR COLORED SYMBOLS

Type of Info Hich Luminance Lo LuLuinance

critical data, .007-.011 .011-.017
variable position

critical data. .005-.011 .OOS-.017
fixed position

non-critical data .003-.011 .003-.011

Ambient IllIumination

For many displays the major factor contributing to effectiveness
is the ambient illumination. Additional ambient light decreases
the svmbol to background contrast and colors will tend to saturate
or fade. Any luminance below 3 cd/n 2 will result in users being
unable to discriminate colors. A luminance of 30-300 cd/m 2 wIll
allow for compatable perception of the display. A high luminance
(3000 cd/m 2 ) also makes it hard to see colors. Under conditions
of high luminance, red becomes the superior color for coding
(Barker and Krebs, 1977). When a fast response is needed under
these conditions it is recommended that only 3-4 colors be
utilized per display (Semple et a!., 1971).

The color of the ambient lighting can have a drastic impact
on the color code perceived on the display. Semple et a2. (1971)
provided a table (3-5) listing some of the ambient lighting effects
on display colors:



Table 3-5

AMIBIENT LIGHTING EFFECTS ON DISPLAY COLORS

Target Red Light Blue Light Green Light Yello.
Color LightI.

White Light Pink Light Blue Light Green Light YeIlI-v
Black Red Black Blue Black -Grennish Black Oran-,t- Blauk
Red Brilliant Dark Bluish Yellowish Red Bricht Red
L. Blue Red Red Greenish Blue Lih: Reddis5
D. Blue Red Blue Briht Blue Dark Green Blue
Green Dark Purple Brilliant Blue Light P.--h
Yellow Olive Green Blue Brilliant Purple |
Brown Red Orange Green Blue Green Yellow Gr.:

Brown Red Light Red Green Yelloi Brilliant Li---
Brown Dark Olive Ora nge

Bluish Brown Brown Brownish Orang

Sez.ie et a!.. 1971.

W hen the luminance contrast is lox\, the display is dense, or
resolution is poor, the size of the symbols being colored must be
increased proportionately (Barker and Krebs, 1977). Color

requires an increased symbol size of 50c over black and white
symbols to be effective. .A reasonable standard is 15 TV i sne P

s-bol (as a rrinium) A black and white system needs only 10
lines/symbol for I00%T accuracy in character recognition (Ericksen,
1957: Shurtleff, 1966).

There can potentially be problems with color comparison. TablI
3-6 illustrates a study which examined errors in identification
of different colors.

Table 3-6

ERRORS IN IDENTIFICATION CALLED

SHOW.N ITION .

REl) OA- FG YELLOW GF P1E' TOTAL

RE' X 22 0 0 21 2.9
ORA-GE 9 1 10 0 19 2.
YELLO, 0 6 N 15 21 2.9
Green 0 0 6 X 6

67 2.3
Connoll". Spanier, and Champion, 1.75i
"'len the d:spla-. cont tuT(s, a p-ri: :!,.rai field, then blu. ,

yello- panel lights on a gray back'round w,,ith a lo,, -,nou"r e



i-21

ambient light produce the best results. A wkhite background
for the peripheral field caused more errors. When the ambient
light was reduced then colors were recognized from further

*away (Dudek and Colton, 1970).

Number of Colors to Use

The number of colors to use in color-coding display is a
critical consideration. Under ideal conditions and with much
practice a person can identify up to 50 colors (Hances and
Rhoades, 1959). However, good accuracy of identification ca
be obtained under ordinary circumstances xkith 10 colors (Bark'r
and Krebs, 1977: Conover, 1959). Snontz, Trum.m. and Williams
(2971) recoT.7end that a maximum of 23 colors can be u.sEd for
color-coding in search tasks. It must be remembered thai as
the number of colors used as codes increases, so do errors.
Table 3-7 shows how errors increase with number of colors:

Table 3-7

INCREASING COLORS AND RESULTING ERRORS

No. of colors errors (T)

10 2.5
12 4.5
15 5.2
17 28.6

Four colors (RED, ORANGE. YELLOW, and GREEN) can be identified p
with 97-99c accuracy (Connell,, Spanier, and Champion. 1974).

On the other hand, as the number of colors used as codes increasc.
K the response time search time decreases. The following grapr--

Fi gure 3-1 from Hiitt (1961) shows the relationship:

Figure 3-1

Effect of number of code levels on performance

Avg. 12
responses
per
minute

10

2 4 6

Numl 'r of c ir>



Redundant Color Coding

An important way to use color is to use it redundantlv. T!,-re
are a number of multiple redundant codes wkhich work better L::n
a single code. They are listed below:

1. Color-numeric Anderson & Fitts, 1958, Hitt, 19CJ

2. Color-shape Sanez & Richie, 1974: Erick onP an
Hake, 1955

3. Color used redur.- -- Connoily, Span2er, & Cha. -in, C714
dantly with an,,- --Smith. 1963
other code

4. Color-symbol sizc

5. Color-size-brightnss (Garner & Creelman, 1964)
(Erickson, 1954)

Smith (1963) reports some impressive gains in performance with
redundant color code. Redundant color reduced search time
by 65P, count time b. 69? . and errors by -6-.

Redundancy in using sense modalities for instructional cueinz
has received a general endorseme:-nt from researchers. &_iford
1973 sums it u'

"Redundancy is probably the most effective co.-
munication device man has found to cope with eauivocation
and error. Ho ever. it inevitably raises the cost of
information processing in terms of time and capacity. as
redundancy. necessarily takes up information space and or
time." (p. 23)

McCormick (1970) adds,

"While the evidence about some aspects of human
behavior is a bit inconclusive: there is virtually no
question but that the use of redundani visual and
auditory coding increases The odds of reception of
the information." (p. ]22

Research does sho;\ that using visual cues in auditory tas,>
as well as auditory cues on visuas produce achieveront mos'
effectively (Buckner and McGrath. 1961; Symons. 1963: Spe ih.
Curtis and Webster. 1954 . Vudd. 1961 Ihav. and Beach. 1950: H!::
and Van Ormer. I,950a: Hartoan. 196]a: 1w.':-er (197S) iss 5
studies wn icrh sur-oo2t this ca. :ler. 1950: Pollack ann
Fick. , 195C?.

A- ca-6 j-r icS th2at fl' aud2(, and rr~nt l -m .tnli

preso-nled Ic, stuI 'g ' . I:cu] lnr- ]y. I 2- I C a uCio c:.n.A
h~ch suff.-rs 5u r,rc- fror . mtl U c'r, .t i , r" : .



or print channels (MoWray, 1952, 1953, 1954; Kiem,,r 1956,
1958; Bulgarella and Archer, 1962; Lockhard and Sidodski 1,
Williams and Derks. 1963: Koen, 1969). Visual modes

are more facilitative for complex tasks (Gulliford, 1973). A
third caution relates to the amount of time a learner is allowed
to interact with multiple coded materials. When using two
channels it is imperative that the learner have sufficient time

to process the dually coded information. If the presentation

rate violates these, the learner's performance will degenerate
Gulliford, 1973).

The folloing are some specific finding.s about the use of
color as a redundant cone:

1. When artia llv redundant color is added to a search

display and the subject does not knok the color, thc
search performance deteriorates. The search time
increases by 23) over a monochromatic display and 72
over a color coded display. (Christ, 1975)

2. Redundant color coding in symbolic displavs dccrs no:
decrease search time when the subject kno%ks the
target color before hand. (Christ. 1975)

3. The advantage of knc\xing the target color in advance
increases as the densitv of the svmbols increase and
as the number of non-target colors increases.
(Christ, 1975)

4. Without a redundant color, when the display densit,:

increases and 'or the number of non-target colors
increase, search time accordingly increases substantial.

5. For partially redundant color-coding which the sulIject
knows in advance, the search time decreases, but as
the number of non-targets bearing that same color
increases, searchtime begins to increase until the
number of non-targets exceed 70, of the total number cf
targets at which point knowing the target color is a
disadvantage. (Christ, 1975)

6. When the subject knovts the target color beforehand.
the decrea.se in search time and gain in overall
performance remains whether the color is used redundan.,
or not. (Christ, 1975: Sanez and Pichie. 1974)

7. Using code redunianTlv ]eads to an increase :n accu .
in th( identification of simple targets (it has a 6,
advantage over size code, 104' over brightin ss co2
61"' over size and brightnes . code). (Christ. '7J



8. The maxi mu- amount of informat ion trar. i.. ion occurred

for all amounts of transmitted information when a color

code was used redundantly with a numeric code. It

surpassed the numeric alone as %ell as the color code

1 i above. (Anderson and Fitts. 1958)

An important point to bear in mind in considering redundant codr.g

is the increase in complexity and number of stimuli being presenTec.

Any increase in display complexity and density results in greater

errors and search time (Green and Anderson. 1956: Smith and Thomas

1964 Smith. 1963). Thus, code.s have to comi-n.sate for thes

efforts and facilitate. .,ultiple codes used non-redundan't v can
help increase the number of svmbols . -c can c... t
id in: fied on a display (Barker and Krebs, 1971. Garner ann
Crcelman, 1964: Ericksen. 1954). It also helps to increase
number of identifiable categories of information (Barker and rebs,

1977). Partially redundant codes can be used when information
can be categorized at more than one level of specificitv. Total :

redundant coding should be used when targets or st imul i can
be identified on several dimensions. Thts improves symbol
detectability, the probability; of beinc identified, and discrir. -
ability among symols.

SECTION III MOTC'.,

I1I.! GUIDELINES

* Complex, fixed pace, motion :ranhics may be beneficial for

individuals of high mental ability but may deter learnin2 1o-

individuals of lower mental ability. (Merrill and Bunderson, 1979)

* Motion general]y has little effect on learning except when the

information to be learned deals direct!-, with motion or chanz-
However. we hypothesize that realistic dramatic sequences ma:

have considerable value in increasing interest, motivation.
emotional impact, and in changing attitudes. (Merrill and
Bunderson. 1979)

4 111.2 SUPPORTINC RESEA.PCH ON -OTION

The research sho.. that motion generally has no effect on

learning unless the task to be learned uses motion (Levic a:,
Dickie. 1973: Silverman. 1958: Allan and \Ncintraub. 1968) . .

tasks involving motion, motion ictures are better than secuenl
still frames. Slides are evrn better than the sequen-ial s'il>
(Wells. Van M.,,ndfran>. PostleLh;aJt . and Butle'. 1973). ..
teaching c:nceit invol]ing tim.. ,(: ar( sur-,erior (Gu
1973). ,hen th - rring tak> in-,.l, fac ual recall. I .

as w.kEl as. dra z i -: , ,n and ,',:::asr a not fa .i( it.: .
ach i evem,.t ( H n c ad Van C), . , 5,"" Tr a v I 96-
R, c- a,, 0 n,5 -- 17 !
Van OrEr<-'. 1950,



A problem with motion pictures is that real time may go so
ra!idly that the learner is unable to perceive and proce-s
well (Merrill and Bunderson, 1979). Also, research on motion
films has shown that even when the topic has inherent motion
only about 45K of the motion is relevant. For other topics
where motion is not crucial it is estimated that 90-951C of the
motion could be eliminated without reducing comprehension
(Gulliford, 1973).

Allen. Daehling. Russell. and Nielsen( 2970) compared motion
pictures, still frames, print, and audio. They showed that
motion is very effective, but if they added audio to the motio.
the advantage of motion over stills was eliminated. Audio
with still pictures worked as well as audio with motion.
Similarly. other researchers have identified instances where
mion pictures are enual to still frames (Allen, 1960: Allen.
Cooney, and eintraub. 1968: Wells. et a!. , 1973,.

A study conducted by Wells et al., (1973) looked specifically:
a- the differences betveen presentation of concepts involving
either time or space using still photographs, slide/tape, and
movies. Their results indicated that for concepts involving
time (i.e.. a series of continuous events), movies were better
than the static presentations. However, the opposite was true

for concepts invoiving space. This suggests that motion may
be important for certain types of procedural instruction.

Animated Three-Dimensional Graphi-s

Research has shown that animated three dimensional graphics
can aid in maintenance and performance tasks with real objects(Bet.her, 1978: Brock. 1978: Crawford, 1977 F-rey and Eikert.
1978).

:derrill and Bunderson (197Ssuggesi several areas where motioninstruction could be beneficial. These major areas are presented

in the following sections.

Performing Gross M'., otor Skills

M tor behavior occurzs when a trainee is able to execute a
physical movement with precision and appropriate timing. 'tor
skills are involved in such Army tasks as: marching. swimmin,.
paint ing a barracks. typing a report, operating a piece of
equipment, using hand tools, adjusting a microscope. etc. Mo r
behavior often involves the execution of a series of severaI
coordinated movements. The order in which these individual
movements are performed ma: be taught independently from th
actual minvLr-pnt .. or exa-,.  . the order in which the par-,.-
a rifle ar- as.embled mav bt taught independently from th.
mtor skiIs rea.ui red to pul Ih. parts togeth(,r. The role o,
grarhic.s in teaching procedures as descriUL'd an another sect::..

It is dif icult to, imalan(- a trainec- being able, to learn a
c '' ex r,,(tor slkill sole]\ from -erbl or textuqf inf:'2t

' m i"iI- -" -



Thce rnve-ient must bc d(r. ns ti-at ed to t1- -,Is ud; ne:1or
an ins!t ructor or thrOughl the- uSe of oeo i t or alra.'n
in sorne situations. a live demnons:t iocn may not be i deal if
the model is unable to performn the movem-ent S~lcj, ' enough for

0 the trainee to see the critical aspects of the movement. The-
se rving of a tennis ball is difficult to demons trate for this
reason. A series of still pictures which shoik criticalpotln
o r a s ioe ts-- o f thc mo v(27!c n t i n dli sc re te i ntierval a cro ss_ t i me
mnay be more inst ruct ive. Frazier (197S) refers- to this as--z
animat ion. If care is not us Eca wijtj ii i~en-on ,t hc
critical cont*inuitv of the mc.v7m.,nt may Le los:- mrA "( c
has som7e ofI t-he same acivan: agesz and dcivrt cof a Ili v
d e 7:cns ra on . If the m I)veme7 -.nt' i s s ,how)n in e: t i it :

1)e ToCo fast. H-ov.-ver, slov. r-c t ion %&ould d, -m Irn
co-n: inu it% ofI. the &ov M mone-t Wh E~ s oI no i- dc.' n( I t
cii icalI a s -)e ct s co ulId b e Pner c &I v e d. R ,E- eiti I o : -C tn
tier. or mot-ion picturesz can, imnirove the 1 ea r n1-n o- r, Ci' -
Hollar. and Van Orman., 1930) Learning m-ay alsoi b( f ac! 13 t a i C
i f t he -Tr -a inee can stop the mo)tion pict ure filim v,3 C t I e tn
motor skill rather than trying to piract ice the ~ I wn ~e t
film is in prociress. Even mental practice, where the le,-rne
thinks throug-h the various motions may be effective ( r av &r t

*1967, Bandura, 1977). The videodisc may make a siffnificant
contribution in this learning area as it has better capabili-Lic-_
for slow motion and freeze frame than videotape and filrm-.

PracT ice is crucial in the learning of a motior skil H Howvvev t
uract.,ice is onlv benefici al if the, learner receives S ome, f(-E oil a Cr:
This fee_-dback ma':- be intriinsi c to- the tas k as when the corr,7c:
le-tter is typed on a Piece of nape r), oi-rn.ma: renuire_ the i u a
of an instructor. Man%- com-nie(x motor ski Is aire di fficult t,-
learn because trainees- cannot Tttal ly observ-E t near ovwr. rt:-;-
and t hu- are unalet to comrare- it-e-:reoss waii t Kte. corc-
form7 Bandura. 19774).

This problem can be alleviate4d by videotarpina the trainee 's
performance and using the videotape for feedback.

S-eerincE and C-Gr.iin--Continuous Mvemc r, n

Steering- annd guid.-ng bellavior anv-ovt_- a rcvalmors-:
w.h t-re t hc- trane must con T i nuriusl scan or m'nator ce rt o i-
extI er na c u, an cx ecu e aor 1, 1at m7v ) V~n E, or.. -.I a0n coCnt
bais inc aceorrdanc- ,ka thth rierce. ved cu,-> . S uh kl<
beh av i o r isL r ec;u 12C a r- id driavig a t ank dov a r, ad ran a
aircraft. t rackr*i T-, an ai r-to)-aa r gullnervy tagt. .

St e er inc and guidinz behavio~r involves a comb -inat ion of th-..
skillIs wkIhert- relevant cL < are emecdin a hc o '

environme-ni .Cues thr. serve- as Si ()al~ r teC' a
o)f t h E a 'r r ri1a M- mtoC)r s k I>



In the early stages of training, the detectinag of relev- ant
cues should be taught inJt:pendc ntly of the motor skills, u -irt-
graphics as described by Merrill and Bu,.nderson (197s). lilt- .;
skills could be taught a - des cribed in the section or.n e -*rr
Skills.' The intermediate stages of training should integrate
the detecting of cues %kith the corresponding motor skills. T h C

* integration of these skills could take plice in a training
simulator such as the Link Trainer.

In~~~~ th ia tann taz.es-, the learner should be given
opportunities tc ract ice an-J --mcr~ate rrof~ciency in a
r e a Ii t c t' n. P ri c i c e a nd cor--re Ctive-C f -a.uack a re

jMan:, rr)~o Sc 'Ir: tx a n d o r tOE he l&2&. c ones er - o f
error are s- g'-c~a tat it is impractical to rt.-uir;- tr a no&
to t*ec- Sz--t2c ucee of sta.In such cases, a iob nidd
wh ic h I t-s tnt -trs o r z;e rs a flow)%\ c har t o f T h e -<s
s ho ulId b&- uzzcl

If the rrocedure inovsex-ensi-E- motor skills, the ste:-
of the procedure and the mt--ior skills could be iauzrht simu -
taneouslv- by- live deosration. mcticn pictures. (w ,ith sc:
motion if real T ime is tooI fast) or with a series of still
pictures (see scction on Mctor Skills). If film or picturesae7
used to demonstrate the-- step-s of the procedure. the performanceO
should be photographed so that the representat ion shown has the
same view or angle that the trainee would see if he were doin-
the porocedure himself (Hoban and Van Ormer. 1950). The ieis
allows for a combination of slow% motion and still graphics ta

wasdificut, f nt aoosible, with previous technog.

If the procedure involves the assembly of a piece of equiomcn--.
with many parts, and the motor skills required already exist -
in the repertoire of the learner, graphics would not be
necessary; to) show),k the actual motor skills required. However.
graphics- wo)uld be necessary, to showk the various parts of th~-
equipnent and their relationship to each other. Th e graphiJ-cs
would need to be supr-cnT ed with verbal or textual i n5zt ruc
t0h. ch 2i s t h(- order ;1- which the various parts should be a-:<a

Whe-never fea5:li the t rai ae sho)uld be given orr nte
practice perform: ng the, rrcedurc uising equipment . In a,,,,, cao -.
hands- on nerformance t'-->t inz sh, ul d be, included to ins-ure 1(~
trans-fer has occurr-er-.

T -i s c r.c Sth ele M "r r l a n nde r s r- su.-a-ar y , 19 7 I.

C a r tc z -. Z

C -air on s ha'e b cer.e th su ec of s ore x>:ar i T- nt a S ar,, 1 n%.
7 :rr. a n Dwy er (19 974 shnoWeC tha C car ton 0 weS. re Cr- z



over photographs and that they wee r,-re (-ffect lve on both
immediate and delayed recall. Othc, r s:u ,.i iv- sh,',',kn ! hat
instructional cartoons are no more effect ive si,,n ot!er
present at ion techniques, but may promote a mmre favorable
affective response (Baker and Popham, 1965Ppham, 196
Freisinger, 1976: Lumsdaine and Glad-tone, 1958). One study
reported that cartoons require a significantly shorter time
io perceive and process than line dra','ings, photographs, and
shaded drawings (Ryan and Schwartz, 1956).

In a recent study, Sewell and Moore (1980) help to clarify
these ambigious findings. They conclude that if the dominant

concern is for students to enjoy the toic then cartoons are
tne most effective tve of visual . However, if the obJective

is comrrehension then cartoons are not v, 2rh the cost nee-odd
to develor , because rrinTed text is emu-: lv effective and
cneaner to produce.

Animation

It is difficult to find research that examines the instructional
effect of animation. It seems to be primarily prized for its
enterta-nment value and only secondarily for its instructional

potential. In recent instructional development cfforts,
especially since the advent of CAI. animation has begun to bc
taken more seriously as an instructional medium. Current
advances in comouter technology are starting to pave the way cr
innovative ways of using graphics in instruction never before
available. Two notable innovations that will be discussed
here are computer-generated imagery and animation.

Because this development is so new little experimentation
has been done to compare its relative effectiveness. SoeM
dramatic anecdotal evidence recently reported in an edatorda.
(Lodding and Nickson. 1980) might foreshadoi the future of
computer-generated animation. A group of researchers concerned
with the workings of an internal combustion engine developed
an animated simulation. During the initial previewing of
the film the researchers noted an unanticipated erratic phenomenrn.
It Turned out that this was an acoustical oscillation of fuel
within the cylinder which had been happening all along but had
never been noticed. Earlier numerical simulations had hidden
this bec:au c of the phenomenon's relative obscurity amid othcr
dc-.na ing -... hapoenin (. This discovery Turned out to be ver'

significant because the phenomenon had direct bearing on the-

engine's fuel efficiency. The important point is that such a
critical phenomenon was totally concealed until brought t(,

light through sophisticated computer cFblitics

The sal tent concrCr of rCsearchers i , t( imnro-- t

techncimu- and auc litv of this- co:u-rL erated art. Inste:Xc

of w orr :'i ng at this point about huma,-, i, rfr.:inc. eff ect.
0 i worth not ing th, ex.enl to whico', .tuCr5- arc being ut
in t hc produc:tion of var(,u. hinds ( " su:. aids. Tn..
folic,.:rng is a o. ing of r o v.. th V Ir.-'u(2

I ' " ' • . . m n m I n e - . .



1. Animat ion--cartoons, special effect movies, TV
commercials (Borrel, 1980).

2. Simulation--flight-training (Borrell, 1980).
AS

3. Computer-generated imagery--logos, 3D figures, slide
designs (Nouri, 1980; Lewell, 1980).

4. Computer-aided design--architecture, printed-
integrated circuitry (Borrell, 1980).

5. Computer-assisted cartography--geogra:2hical inforrat::,,

system (Borrell, 1980).

E. Information s-stems grarphi cs--home info.rmation sxe.- ..
r..ana1e-ent information syster.s (Borrell, lS0j.

7. Comnuier-assisted instruction.

8. Medicine (Borrell. 1980).

It is evident that comruter assistance in the production of
graphics has already pervaded man. disciplines. It is just
becoming a widely used device for visual communication.

There are t.o methods utilized in this computer-assisted
gra phics. The most prevelant is the digital method. The artist
inp~ts a drawing directly into the computer by way of a
digitizing tablet. The entire picture is broken up into minu:
points. tErm d pixels. The artist has direct control over
each pixel and. then. can manipulate the original drawing in
man: wav:s. The artist can store, change color, adjust po .Jti .
modify size. or add depth to the image or any part of it
(Le'ell. 1980). The artist has a wide range or power to
manipulate the image as he sees fit. He can tear it apart
and recombine bits and pieces to make an entirely new image
(Trost, 1980).

All of these artistic manipulations are quite simple. The
artist can choose any of 256 colors and by merely touching it
w th a stylus he can experiment with different colorings. He

can experiment with hue, saturat ion. braght ness and grey
scale' SPTE, 1980,. In addtion. the computer can penera'.e
certain geometric shapes (e.g., circle, scnuares) ior use :n
his art. He can also store snecialized shave - and characters
for later use S',.'T'TE. 1980,.

The .gr.nfficance of the. digital reh.,-d is the- tremendous
CoC'ntro an d flexibi lity the a-t is .i z,- the average c(,]I
TV r.ar. tor. he har dir(cT centr,, over 25(,.00 pixels in a

urcY., ,;-r of c- r;t .v . , . , nU cre-atiLon can b(. ou'"
to, -ithter video or film (N',uri . Tr-. a tst has neVtc
'L,-r', . fr,( , to exp( r m(.nt wiih i. v .



The second mthod is the analog computer system. .A blar'k and
uhite draw ing is transmitted to the computer by iav (f a vide

camera. Once in the com:.,uter the picture can be manipulat(.d.
With this method the video signal is under the control of the
analog computer and an artist can create flips, bcnds, and

, oscillations to make a very sophisticated image (Nouri, 1980).
There is not the extensive control over the image in the anal(,g
as with a digital. Moreover, the analog method is much quicker-r
(Trot , 1980). Eventually the artist who %kants ultimate cur,*,rl

will have to digitize the original image.

The CAESAR (Computer Animated Episodes using S1ngc Ax-s
Rotation) system c(f:,incs both the analog and digita2. .

initial inpu: picture as Lbroken dca.n 2nte se0ns f lh
pi cture such as a lcc or arm',. The coniroI asr t o- nov: -
riNels but over t h n, :arcer co..:-onc-nt. Thes *., car.
be rotated or changt-d ar- desired. Oth er .- n can L,
.added to the sc'ne to create the desired effec. Ar 'm.t tn.
produced by drawing the final frame of a secuence and Tnen
directing the computer to produce all the an-betw er sections
from the initial to the final by avera:,ing- out the chags--.s
across the rnumber cf frames.

There have been several criticasms made of comuter-g.neraten
ama gery and animation. First, because the comrmruter avera-c--
out motion acrcss frames there is a loss of th- "irnaination'
and "'s;mpathetic naturali2ation" that an a: lentid, to hi
work (Nour . 1980). Second, there as genera'i a poor or
inadecuate resolution of figures. alth-u - th(- sate of
affairs is improving rapidly (Nour 1980). T-ird. the s,-oc-d
of digital computer production is rather slow. It takes aa..
to produce art this way (Lindner, 1980,. Fourth. rea4 time
animation remains problematic. There are 250.000 to .000.0Nl
pixels required for each fra:me and at 30 frames pen secod
achieving real time animation is a very difficult task
(Lindner, 1980). Fifth. although the prohibitive costs of thE
past have been substantially reduced, the cost of computer
prod.< .on remains high (Lindner, 1980). These are genuine
limitations which prohibit more expansive use of computers in
design. However. efforts are being made to overcome them and
many of these will be solved in the very near future.
The advantages of using computers to generate graphics ha c

been extensavelv identi fied in the literature. First, Ied,,u-
aspects of artistic creation (e.g.. opaquing and inking) art
done by the computer (N'ouri . 1980). Second. the edit ing
powers by wa% of th- comput er cont rol are enormous. The caa'Ii I'
of changang. at will. c cior, hues, speed. m tion , an 4mosition n ,
al 1 ows the arst st to se, and tink-r with a maca ure imodi .
Editing takes only.' a fev. sec,-nnd: and no recr;-V.I-ag or res...,
is reau red(Nur . 1980: B.orne) . 80: Lind:tr ,'1950.
and Futai, 1980: Lio. t 1980). Th-ird. tn,- r,,.ion of com'.,u',: ,-a
anirratiar, as more fiu d (Li ndnerd ] $. Tr(,. . I9Sc). T:



can be due to the increased frame rate of the computer
animation (30 per second) over film (24 per second). Fourth,
computers a ail the artist of more colors than film (Lindner,
1980). Fifth, color shift does not occur nor do oil layers

4 (Lindner, 1980). Sixth. there is no deterioration of color
or picture over time and usage (Asamizuya and Futai, 1980).
Seventh, output of drawings can be rapid (Borrell, 1980).
Eighth. the storage of the work is far more convenient
(Borrell, 1980).

The future of comput. -r graphics looks very bright. Writing-s
are replete with predictions. Perhaps the most significant
forecasL is that soon comn ut er-generated animat ion and imagery
%ill exhibit a greater realism than even film is capable of
(Lindner. 19SO: Nclri. lPSC: Prince, 1980: Brown and Levins. 1%0,.
Tne price of graphics systems as well as memory will decline
(Bro',n and Levine, 19SO: Lindner, 1980). At the same time
there will be better graphics software which will enable even
more control over editing the image (Lindner, 1980). There will
be better resolution, better video displays, better input
devices. hardwrare that will enable excellent reproduction of
computer generated images and more available memory (Brown and
Levine, I s60).

The artistic caabilities will be multiplied. Brown and LevinE
(1980) make a very 2nteresiing prediction:

"True three-dimensional displays will become co-mon.
Researchers will finally be able to see their models
in three dimensions without 'he need of special
glasses. stereo pairs, or by viewing the two-dimensional
project ions.

They optimistically predict that computers will revolutionize
the art world in the same way that acrylics did.

-:
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SECTION IV. SOUND AND VOICE INPUT AND OUTPUT

Research on Use of Sound

Sound is an important determinant of the effectiveness of
instructional materials. As reported earlier, redundant sound
with visuals increases comprehension (McCormick, 1970; Buckner
and McGrath, 1961; Synrons, 1963; Speith, Curtis and Webster,
1954; ..Mudd, 1961; Day and Beach, 1950; Huban and Van Ormer, I950a;
Hartman, 1961a; Miller, 1956; Pollack and Ficks, 1956). Dvw:er
(1978) lists 56 studies which support this claim. In an
extended series of studies at Johns Hopkins, Cha-panis (1973, 2973,
1976a, 1970b) and his colleagues (Chapar.is, Ochsman, W,,-rrisn J

sees, 1972, 1977; Chapanis and Ovt-rbey, 1974) have inv.e-st a

two pe-son problem solving dialogues intended to simul ate m.-
* computer interactions of the future. They have consist-n:2,,

found that oral cozmunication (voice and natural communicat ac:t

results in much faster problem solvin than typing or handr:t::.
As rnight be expected, the number of words and messages is far
greater with voice than with written communication. They alsc
found, however, that natural human communication is characterizec
by man," small errors, which would quickly confuse current ccriuuer
'" St em's.

Experiment 5 of the research conducted for the Presentation
Features pro-,ect found a similar result. Subjects using voice
input would mumble to themselves, give tentative answers, and in

other ways violate the ver% structural input rules normal>:
associated with a keyboard. It is clear from both Chapanis' work
and our own that while voice input and output is potential>:
a ver: efficient means of communication, the computer will have
to develop a framework of expectations so that it knows what it

is looking for in the conversation. Humans apnear to do this
all the time. Moreover, human conversation is particular>y
forgiving of errors in syntax and even in thoughts. Again, this

is probably because each partner has an understanding of the
subject matter and a set of expectations for what is likely to
come next. In computer science these matters are commonly
referred to as "natural language understandinc. Siznificant
progress has been made in this area in the last decade (cf..
Brown, Rubinstein, and Burton, 1976), but much remains to be
accomplished before a fielded system is available for general
purpose interactions. In the meantime, voice and other sounc:
output will be used far more than voice input, which wil' prim::
be used where hands or eves are bus-,, or the user is awvay r,-.
terminal. Chapter 6 presents voice input systems in more dt:.

Sound Presentations

Real sti 'voict- or ,tn'r sounds arE r:.r, C: :,r man hind-% oX
modeling:, u .re th. o),ii,:tv2'e is to ch z'2. a t tLudt's or 1
il iUst ratO a .r('-(e ur( ,; r-sent an a e!:- ]1 .toreo\' , ''

l -9are-ren:r-d, t o ma,' , c',rt<aln d],scrtJrn]I nat.,. ioD> (< . _. , nelW',,t-n r.



motor running smoothly or roughly) These uses are especially
important for simulations where the student needs realistic
presentations in order to gain hands on experience.

We hypothesize from observation that non-voice sounds (e.g., those
4*. in penny arcade games) can add excitement and motivation to
. simulations, and that such simulations and games may increase the

number of hours of practice that students will put in. This
observation has been repeated with many different content areas
and ages of students.

Presentations Usinz Sound

Sound is widely used for training and simulation applications.
These include voice output, music, and tones (e.'., as used in
electronic games). Analog systems, for example as found in the
videodisc, permit all three of these types to be recorded and
presented. Digitai recording is also available, and, if4
sufficiently high quality, can present both music and voice. An
alternative to digital recording is to synthesize either tones or
a voice using hardware. In general, analog recordings have the
highest fidelity, digital recording comes next in quality, and
synthesized sound has the lowest quality. However, digital
recording can be arbitrarily good, and can easily exceed tie
capabilities of even the best analog recordings. On the other
hand, the storage requirements for very high fidelity digita7

recordings are severe. One application of high fidelity digita:
recording is to present symphonies on a small optical videodas:
which has a very large memory capacity.

As described above, voice quality varies widely depending upon
the type of system used. Not surprisingly, the quality required
determines to a large extent the price for a system.

Recorded Sound. A number of means are available to record voice.
One of the most simple is pulse-code modulation (PCM). This is
a simple digitization of the voice input. It is very flexible,
easy to use, offers arbitrarily good fidelity, and uses a great
deal of memory. Another approach to voice recording is delta
modulation. This approach offers many of the same advantages as
pulse code modulation, but also includes the disadvantages of
high storage requirement.

A quite different approach is to model the human vocal trac
and to store only the data from the incoming voice sicnal which
is required to drive the vocal tract model to reproduce approxi-
mately the same sound as wa.s input into the system. Whereas PC'
and Delta modulation permit both voice and music to be recordt,.
LPC is limited to voice, since it uses a model of the vocal trac". P
LPC us-s far less storaEe for equivalenT quality than either PC"'
or Delta modulation. Thus the delivery side of LPC can be ver,
inex ensve. For this reason LPC is the method used by Texas
]nstruments in th'-ir talking pare. The, drawback is that enco,:nz

I
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the voice input is quite complex and expe,,in.ve. W-.re this
cost can be amortiztd over thousands of dc-liv-ry syst m. , th,
problem is less severe than in a d-veioi7ment shop 'hich is
constantly trying neA sounds.

Synthesized Sound. An alternative to recorded voice is to
synthsize the voice output from speech sounds like phonemes and
allophones (parts of Aord sounds). This approach is by far
the least expensive and most flexible for chanZe (since ne,k
%ords can be created by simply tvp)nE in the strinz of soe,-&L
souns ,. On the other hand, this ap-rc)ach Frouces robt-t
so'unC h.ich is far below the aual itv of rVcC,rjCIed voice atr.- .

SF&TION V. TFFACTIO :T ROCSSK5

T -,es of n eract i . a.o.'-ue

An excellent resource for interact ions and other basic featur, s
or Man,.'machine design is Human Factors In Com nuter Systz. -  A
Review of the Literature by H. Rudy Ramsey et al (1979). Ta.'c
3-7 oresents their typology of interactive dialozues.

.'he bulk of elect ronic deliverv s'stem interactions for instru< i_
consist of a simple prompt or question and a student responsc.
These interactions are reminiscent of a programmed text or worr-
book approach. The nature of interactions can be significantl.
changed if an electronic dehi%--rv svstem is used for simulations
and activities which require the stud-ent not only to learn abou
the content but rather to actual>- engage it and take part in it.
An examle is a twko dimensional (TV screen) simulation in which
a student must troub.lesnoot an et.tctronic circuit. Here the st ud-,t
initiates the bulk oi the interactions and uses the e]ectronic,
d ]iverv svstem as a toO: or a resource for gathering infor.icr.
about the svst.:,,.

COInens o E nte-rai 1on

This level of interactions requiring preformatted displays,
responses to the display, and branchinz to other preformatteu
dis- ava does not rrruire- much processing inte]l]igencL on tn,
rart of the dt iverv 5.st-z m. .chine (or artificial inteI-Ig-.
rer.it.....,.. 'islcate... levels of interaction. An in.:tli*. :.1

" in:*rat Ion:- C r. s o 0f ;our ele1.-nts:

.- rr......, .. IV-, tx -h. conienL bc inc tuzhii,: A-.
i.s t. 1I 'i o E.quipm.n: being s imul ted it.

. , i. r-' : n. tr00: (111c( t n aS: or tht- s( I C rU :
of a:r ... '.. cr, - to-<, u ' a stu dent wL}t( is

(2o A 1. W,'. . . rt w: o 1."'it, . the sS.t - . A:.
o! i c,'."i (, i n Z7 ) r. o d- r o r 3

. ... i. t ,,u c..,c':ln; procedurc or aC
It. r'nh'. :. c ... nc l ] c:- - cl~,-n . The €.xlt.-r r n. c ci:.

i.s a ] 1st c, .. ::- in a- I c,,, r . . n.r-. cC n2r.: .c'-:r: a~u a h-~ ;rcrA
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(3) A model of each student. The model c.n b v.ry :. .,
for examp I e the numbe-r of riiuhl and wron re.p)n ->- on
a series of mathematics problems. Or the model can V-
quite rich, and include an estimation of the stud-nt's

iid skill in each of 30 areas required to fly a jet plane.
The major point to be made about the student model is
that it is not simply a record of the student's key
presses or other interactions with the system. In ord.>r
to model the student in an\- useful way, the st.dent
interact ions must be related to the content. An e:
is a drili and practice rogram an raa:nu znic h aids
th. student to master leiter-sound corresponences. ,
student 's successes on each spe 1 ing attern can .
recorded indecw-ndentlv. In this wa,: thne int eracti or-
are related to the content structure.

I (4 An advisor to mKe co-:cen: s or si-cunc e a,.t ivat ie tI

will move the student performance closer to that o t e
expert . In essence, the advisor must compare the
student's performance to expert performance, then deter-
mine which skill area will be worked on next and what
method wall be used to decrease the difference betk-en
the student's performance and that of the expert. The

advisor function may be handed over to the student ,lnn,
must then decide what to stud- next. This may have
the advantage of providing a "learninz to learn-
pnenomenon wherebv hfE siudint imvroves in the skii c-f
select inz wha: t o study next and how to study it. O
the other hand, it can readily be shown in paired associate
tasks that a pokerful learning model can estimate the
student's state of knowledge better than the student can.
In this case, a computer advisor may be able to optimize
the learning process.

In a classroom, the subject matter is the content model. The text
or technical manual holds the expert model. Ths instructor serves
both an expert and advisor role, while the grade book contains
the student model]. The video materials and computer program of
an eecltronic deliverv system can serve all of these function. .

Wha the e tecairon- c de avery svstem adds is- the canab I t I ,
reict e the varr': of an excel lent inst ruct or and set of courS
r,2:l r 1 ai] -S.-

wahoui the car:at-,f I v ore etcat inp e %, ]lent in eract acn.

the effect of a , !-. ar :ruTor is quick>: lost h :n the insaructur

4 e av f . -V- are a f ami i ar ith rem-rk a I. i nnovative-, r¢i:: t-
t v E, an xa 2t -h, % -or}_ ann pr2ncrams which rev"v a.

S ]ru, o ] an.i Mr z -ck]o lost whV n the 7,rou;

da nd- TI. .rn n a sdt z- as a means of ,:.

p .r ,n wa n ev, u wi n . : ikh a vi o i- t , pres ,n Iat :e:.

t - r cc: . c, , c", v:ce. can aid sht~ - r repl chIt tn-
. , *.• '. ' : .I i-" ruc~or %k r n

| -t " " -
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Interact ion Modes

The four aspects of fully intelligent interactions may be
operating simultaneously and invisibly while the visible
interactions occur. Visible interactions on electronic
delivery system may be classified in three modes: presentations,
exercises, and generative interactions.

In presentation mode material is presented to the student who is
essentially a passive recipient. Non-interactive pages of text
or motion segments are presented with accompanying audio or
illustrations in any combination. The user can control the rate
and sometimes the sequence of the presentation. In essence,
ho: ever, this mode is simply passive viewing or pace turninz. It
may present an expert procedure, but does not permit interaction
with the model of the content, or with an advisor. It also keeps
no model of the student.

The exercise mode permits users to respond to stored questions
or problems, and to receive immediate feedback. Branching depends
upon the responses of the student. Thus the exercise mode may
use the expert, student model, and advisor functions. Without
two screens or without text and graphics overlay, most videodisc
systems stop with this mode. It should be noted that some
simuMlations for fixed sequence procedures use this mode since
they are simply a linear sequence of actions to be performed.
The student may be prompted and then take a particular action.
This corresponds to a standard multiple choice problem in which a
prompt or question is posed and the student is to give one of
several responses.

The cenerative simulation mode introduces a model of the system,
which permits new items to be generated. The generation procedurt
can be as simple as producing nei arithmetic problems or as
complex as modeling a navigation system for an aircraft. The
generative simulation mode provides realistic exercise of concepts
and rules while maintaining test integrity, since new items can
be generated using the same rules for test items as for practice
items. This mode permits user interactions to be more extensivE ,
since new exercises can be produced to fit individual needs. Thc
expert, student model, and advisor functions may also be included.

Experiment 2 of this Presentation Features study compared a ,o!
aid tve of interaction with instruction. We found no signific-in.
differences in total time or accuracy on a performance task under
these two interaction conditions, so long as total time was
compared (learning plus performance on the one hand ,s. perfcrm.ne,
with a .iob aid on the other,. Appendix A presents tha-
experinnt in detail.
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CHAPTER 4

HU',!AN FACTORS FOP VISUAL DISPLAYS
4.

Visual displays have certain parameters or factors that affect
how well an image can be seen and, if the image is a written
message, how well it can be read and understood. In the section
below we will delineate several human factors that affect the
visibilitv and lecibility of visual displa.s. Some of the
factors apply most directly to CRT displays and, since CRT's
are the most common display form for general purposes, emphasis
will be given to CRT applications. It should be noted, however.
that most of the factors discussed below are relevant to other
kin is of displays. Other displays are discussed under Ouit.-u-

Visibility factors range from classical display factors such
*as luminance, contrast, and resolution to display problems such

as flicker, blur, and glare. Each of these factors will be
briefly defined and described. Recommendations or specifications
made in the literature will be noted. Table 4-1 is a summary of
visibility parameters whose structure follows the outline of the
text . We have included recomendations from four basic references
-- Shurtleff (1980). Bean (19S0). Cakir, Hart & Stewart (1980).
and Sherr (1979)--as part of the table to indicate how much
agreement there is between researchers regarding design specifi-

.. cations and recomendations for the factors.

Lu7i nanc e

Although luminance is fairly simple concept intuitively. i is
surprising how complex the technical definition actually is.
Sherr (1979) defines luminance as:

'he measure of luminous intensity of a light emittinz
or reflecting surface in a given direction. per unit
of projected area of that surface as viewed from that
direcLion. (p. 3,

.cr s A nut, luminance can be thoucht of as intensity of
light e, itted from a given point or. in short, photometric
briz-htn, Iu.-nancc is expressed either in foot-Lamberts (f'
or :n th7 mr-Lr:c unit. thr nit. or candela per szuare meter cd6-2).
A rut i ' of 2.4 is ue t convert from foo*-Lam)&rtsC

A visual di sn> -, must reach a cErtain level of lu, nance tc
en--'r visiL.ilit:, ( Gould. lOGS,. Shurt loff I19SO) s-.occf <.s

1O-' fI (34-171 nitsi as a m.nimu., rani- cf luminance for
cr. ar:,ters on a (R- screer n. Bean (19SO, consjd, rs 10-101i f,

ST1- ni tS t c) be an ac'r-, ,  0)1c ran.- for th scrEen ruli*:-

uroind. Cik r. ct al. I P] S( . t 11 nits ,a. the - . -
ch-aract.r lum:nanc- ard 8,-ICC nits as thE preftrr rat:
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Sherr (1979) specifies 50 nits as an acceptable luminance.
Depending on the levels of background lighting, unnecessarily
high levels of luminance may cause viewer fatigue and discom.fort
(Vartabedian, 1971). Control over the levels of luminance is

"to" almost an essential feature and, fortunately, one that is
commonly available on most visual display systems.

Cont rast

Contrast refers to the difference in luminance between a figure
and a ground on a visual display (e.g. between alphanumeric
characters and the background screen). The ratio between the
figure luminance and the ground luminance gives the contrasi
of the display:

LfC f

g

where C the contrast of a given display

L, = the luminance of the figure (or

the maximum luminance on the displv)

L = the luminance of the ground (or

g the minimum luminance on the display)

Visual displays must reach an adequate level of contrast to
allow the image to be clearly seen (Bryden. 1969). Sherr
(1979) specifies a 5:1 contrast as minimum, 10:1 preferred.
Bean (1980) concurs, suggesting contrast levels of 8.5:1 to
10:1. Shurtleff (1980) offers evidence that contrast levels
can reach as low as 2:1 under special conditions, but that
under sub-optimal conditions the contrast level may need to
be as high as 18:1 (cf. Crook. Hanson, and Weisz, 1954.)

Because contrast is a basic variable and interacts with other
factors such as luminance, background lighting, and blur,
contrast control that allows adjustment to particular conditions
is a highly desirable feature of a visual display system.

Resolution

'Resolution' is one of the most ambiguous terms in the human
factors literature. Basically defined, resolution is the
smallest discernable detail in a visual display (Sherr, 1979;.
That is, resolution answers the question. How many minutes of
arc must a visual element subtend to be correcill and clearly
seen? Sherr suggests that under normal viewing -onditions a
character must subtend 1-3 minutes of arc to be clearly vizil]>
on a CRT screen. The actual resolution of a particular da splav '
will vary depending in part on the lumi nance and contrasl of 1f1,
display. Several methods exist for measuring resolution.
including the shrinking raster and television limiting techn.:,,
(c.f. Sherr, 1979;

-I " L . " - i d ' I I | m r ' i d m . . .. . . . . .. . . . . .



4-9

In addition to multiple techniques of measurement, further
a mbiguity enters in when 'resolution' is used in another
sense meaning "the number of scan lines per character height-,
or in a third sense meaning "the number of scan lines on a

i f. CRT screen." To distinguish between these uses of the term.,
let us call the second kind "character resolution" and the
third kind "screen resolution". There is general agreement
that characters need 10-12 raster lines to ensure legibility.
As for screen resolution, generally the more lines the better.
Screens with lov, resolution have a problem displaying diagonal
lines because the "stat rstep effect"--the perceived disconti-
nuity of the line--is more severe. How, ever, the screen rcsolut ior.
Is oten set at a 4'ixea standard. TV broadcasting sets the
num:er of TV lines to 525 in the U.S. and to 625 in Europc.
Since Sherr (1979) specified 1724 lines as the ortiml screc-n
resolution, the present situation is considerably less than
optimal but adequate for many purposes.

IIViewing, Distance

In a review of legibility factors for electronic displays. Bean
(1980) calculates all his recomm-nendations to a viewing distance
of 28 inches since most working environments place the worker
approximately that distance away. within arm's reach of the
screen. Shurtleff (1980) also uses 2S inches as a standard
distance from the screen, but takes into account possible
variations in distance at different viewing angles. The opti-m.
viewing distance for a visual display depends on the screen
size: the smaller the screen the shorter the desired viewing
distance. Some allowance for variation from the optimum
distance should be made since fatigue can more easily become
a problem if the operator is required to maintain the same
posture and viewing distance from the screen for long periods
of time.

Viewing Angle

Seibert, Kasten and Potter (1959) provide evidence that no
loss of accuracy or speed occurs at viewing angles up to 19
degrees off of center. Bean (1980) points out that viewing
angle should not be a major protlem for most sin.gle station
onerators because the;" will be able to adjust the angle to suii
their preference. Shurtleff (19O), however, takes a difftr'n-
approach, considering the viewing angle to be an imporiant
consideration in the selection of appropriate display hardwcr!c
Shurtleff argue s that his development of viewing area critera
"repr,'-,nts a unique and sinifican; technical ivovemen ° in
the approach to displav selection" (Shurtleff, 1980, p. 112 .

and that they srve a. a noc..sarv adjunct to The classical
visibilit.- criteria revie ed in this c(,clion. Smecific'al':,

the viewing area criteria... muarantce wide--angl,
viewing by stinulating that the operator must b(, :
to identify .svmb.ls vh,:n (a) \,orking a' any TC1sQ'ion.
on the di splay sLh'Af a-nd (b workLn; at a clos.-in
position, e.g.. arms or. the sh,., or in a rea>.-.
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position, e.g., sitting back in the chair with arms
resting on the arms of the chair. These criteria
provide operators with freedom of head and body move-

. ment necessary to avoid stretching. straining or
slouching in attempting to identify symbology, all
of which may result in eye strain and muscular
fat igue.

Shurtleff, 1980, p. 112

For more detailed information concerning Shurtleff's approac.
to viewing area requiremenTs. consult Shurtleff (1980), and
chapter 5.

Viewing angle becomes particularly important when th-
display is designed for group viewing, or when -the operator
is not always stationed directly in front of the display.
Such special cases in the working environment should be
considered when determining visual display specifications.

Backzround Lighting

Background lighting refers to the light present in the
working environment. Although the background lighting could
be exnressed in terms of luminance (light emittance) it is
usually referred to in terms of illuminance (i.e., the amount

of light received at a given point). Cakir (Cakir. et a!..
1980) recomenas a background illuminance of 300-500 lux
(the non-metric unit in foot-candles) for a CRT display.

In general, light-emitting displays (CRT's, plasma panels.
etc.) operate best under low levels of background lighting
while light-controlling devices (e.g.. LCD's) operate better
under higher levels of background lighting. Bean (1980).
in comparing different kinds of output devices, states
that CRT's operate well under low to medium background
lighting levels. CRT's can usually be used effectively
under most levels of background lighting typically encount-
ered in working environments.

Just as important as the amount of background lighting is
the uniformity of the background lig7hting. The more unifor-
the background lighting, the more easily a display messa-
can be read. Highly contrasting or irregular background
lighting makes it difficult for the eye to accomodate to 1!h,;
display level of luminance (see, glarc be2or,).

Direction of Contra.-

Direction of polarity of contrast rejer- to the relation:::
between figure and ground displays mav have a dark f t::,

on light background or a light figuure on a d:tr!; back gre-c,.
,ost CfIT's pre.sent Iigh charact ers on a dark ba.
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probably more from convention than from documented research
findings. Whether the dark background eases the eyestrain
is at present unknown. Also, whether working environments
with higher background lighting levels favor dark backgrounds
is to our knowledge unknown. Shurtleff (1980) suggests that
when viewing conditions are well below optimum, a switching
capability may be useful, allowing the user to alternate
between contrast directions at will. The general consensus.
however, is that direction of contrast is not an important
factor.

Screen Size

The size and proportion of the screen is of course an importani
consideration. If the display will be used as an input/outpu:

terminal, a smaller screen (12-15 inches) will usually be
sufficient. Shurtleff (1980) suggests that larger screen
sizes be used for military consoles, and larger still for
group or remote viewing. In many cases, group viewing requires
the use of projected displays.

In addition to the general purpose of the display. the amount
of information that must be displayed at any given time is an
important consideration in determining the appropriate screen
size (see displav capacitv below).

Gray Scale

Gray scale is the term used to refer to the number of shades
or steps of brightness perceived by the viewer. Sherr (1979).
however, operationally defines "shades of gray' as a ratio of
1.4 between two levels of luminance, objecting to the inaccuracy
inherent in the 'human' definition above. Although people can
discern up to 8 levels of gray under optimal conditions off
line, this is not true for CRT viewing. Sherr (1979) points
out that only 4 levels of gray can readily be distinguished
on CRT's by humans (Sherr, 1979). Thus, following Sherr's
usage of "shades of gray" to mean luminance ratios of 1.4.
he recommends that "gray levels' used for coding purposes be
two "shades of gray" apart.

Cakir. et al. (1980) note that the number of gray levels needQc:
depends on the kind of task the user is engaged in. Many taskS

require no more than two levels: for most graphics tasks,
however, at least three levels of gray are recommendt-d.

Flicker

Flicker is the perceived rapid di r. 7ing and brightening of a
visual imare caused by prol.ems in the refrcshing of the i7.:i' .
Small area flicker. such as the perceived movement of a
displayed pinstripe suit, as more common than th(, flicker of
the' entire displav. Prolong-ed exposure to flicker results II

vie-.,.er irritation and faligue (Oestbc.rg. 1975). Two basic
factors affecting the- presence or absence of flickcr are (I



4-12.4

the type of phosphor used on the screen and (2) the refresh
rate (the number of refreshings per second) of the display
(Gould, 1968). Phosphors differ in the length of time they
persist in emitting light. Most phosphors commonly used on
CRT's have low to medium persistance rates: longer rates are
available but they cause smearing of motion graphics and
scrolling. The shorter the persistance rate of the phosphor,
the faster the refresh rate required to avoid flicker, Cakir.
et al. (1980) sets the optimum range of refresh rate at
50-60 Hz. Since the standard refresh rate for TV receivers
in the U.S. is 60 Hz. there is rarely a problem with flicker.

Jitter and Drift

Although flicker is the most commonly mentioned kind of image
instability, it is probably the least frequent occurring. ore
often, visual displays are prone to varying degrees of jitter
(rapid image movement) and drift (slow image movement) caused
by voltage irregularities in the power supply. There are no
easy solutions to image stability caused by problems in the
power supply other than careful inspection and maintenance of
the power source and connections to the display device.

Blur

Blur is a defocussing of the stroke edge resulting in a lack

of sharpness in the visual image. It is expressed as the
ratio between the observed width of the transitiJon gradient
from figure to ground and the width of the stroke.

Shurtleff (1980) suggests that the legibility of characters
is not significantly reduced by blur levels of 207 or less.
The harmful effects of blur can be offset by increasing the
contrast level or by using larger characters.

Glare

Glare is a major problem encountered by visual display users
in office environments. Cakir. et al. (1980) defines glare
as disturbances in the background lighting or reflected
disturbarces on the screen that cause discomfort or imnaired
performance by disrupting the light accomodation of the eyc
(see also Oestberg. 1975). Mention was made in the discussion
of background lighting of the harmful effects of irregular
sources of light in the working environment. Cakir offers
four suggestions to reduce glare:

* remove distracting ] igt sourcOes
* reposition the visual d:,.p!a, screen:
* increase the luminance:
* usc- anti-reflection ,,ha(ldin:.

Cakir reco -,mends that. as a genera] rule. antj-ref](,c11r -
types of glass be u.sed on vide, term.naiS To r(.duc, th,
reflected glar(

U]
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Summary of Visibilitv Factors

The most basic factors affecting the visibility of visual
displays are the "classical" factors of luminance, contrast,
and resolution. These three factors interact highly with
each other; nonetheless, general recommendations can be made
for each.

0 The luminance of a visual display should be at least
34 nits (cd/m2) and preferrably between 50-160 nits. Luminance
control is highly desirable.

* The luminance contrast of a visual display should b.
between 8:1 and 18:1. Contrast control is also highly desirable.

* Resolution: 10-12 raster lines s1hould be used to form
characters, resulting in characters subtending 15-30 minutes
of arc from the eye. The standard screen resolution of 525
lines in the United States is adequate for general purposes:
houever, graphics uses may require screen resolution of 1100
lines or higher.

The following visibility factors are not so central but can
still affect how well an image can be seen.

* The recom7mended viewing distance depends on the type
of display (e.g., input/output, military console, or displays
for remote or group viewing). For typical input/output devices.
viewing distance is usually 24-28 inches or within arm's reach.

0 Viewing angles as much as 190 off-center do not
significantly affect display legibility; greater angles ma-
require larger characters and wider spacing.

* The background lighting should usually be low to
moderate for light-emitting displays (100-500 lux), and should
be as uniform as possible to reduce glare.

*The direction of contrast is not an important visibiitv
factor: the common use of white characters on black backicround
is satisfactory.

* The size of the screen depends on the display's
application: small screens (12-15 inches or smaller) are sudiahle
for input/output displays whereas larger screens may be 7eedci
for remote or group viewing.

* For graphics displays. at least three shades of g:"
are recommended. Tivo shades of gray. however. are suffica:t
for most alphanumeric presentations. !,More than four shad,
gray are probably unnecessary because of linmitations of Lu::.
perception.

. . . .. ; m " - i i " i"I t - i
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The following visibility factors represent kinds of problems
conon to CRT screens particularly.

* Flicker, one kind of image instability, should be
avoided by increasing the refresh rate, by using a phosphor
with a longer persistance rate, or by decreasing the luminance.
With a refresh rate of 60 Hz, comnmon in the United States,
flicker should not be a major problem. Jitter and drift can
be corrected by stablizing the current of the power source.

* Althou i blur levels of 20 percent are greatly harmful to
legibility, increasing the bandwidth may help improve the
sharpness of edges on a display, although at some increase in
cost.

. Glare, another common problem, can be reduced by
removing distracting background light sources, repositioning
the display screen, increasing the display luminance, or by
using anti-reflection shielding.

Legibility

The preceding factors have application to all kinds of visual
images, whether graphic or alphanumeric, The following
factors specifically affect the legibility of alphanumeric
characters and the readability of written messages.

Table 4-2 follows the text structure and can be used as a
concise summary of legibility factors.

Character Subtense and Height

Character subtense refers to the size of a character as
measured by the minutes of arc it subtends from the eye.
Sherr (1979) argues that since the minimum resolvable detail
that humans can see is approximately 1 min of arc, the mini-
mum necessary size of a 7-dot character is 7 minutes of arc.
However, he specifies as a preferred character size between
16 and 30 minutes of arc. Cakir. et al (1980) generally agree,
specifying a range of 15-22 minutes of arc as acceptable for
alphanumeric characters. Bean (1980) cites two studies
(Shurtleff, et al. 1977; Ketchel and Jennev, 1968) in setting
15 minutes of arc as a minimum character size. Shurtleff
(1980) advises that under low levels of luminance (.O-.l fL).
20 minutes of arc be used. However. for higher levels oi
luminance (10-50 fL). character size as low as 10 minutes ot
arc may be used. In general. Shurtleff allows a range betwo-er.
10 and 37 minutes of arc, depending on the viewing conditions.
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The actual size of the character on the screen is determined
by the angular subtense discussed above and the viewing

je distance of the user from the screen. Hence, if 28 inches
is assumed to be the viewing distance, characters of .12 to
.24 inches would subtend 15 to 30 min. of arc. This seems
to be a generally accepted range of character size.

Character Generation

Aside from the characters formed by raster scan lines, the
three most common methocds for generating characters are
(1) dot matrix, (2) fixed stroke, and (3) random stroke.
Dot matrix characters are formed by activating selected
dots in a matrix, commonly 5 x 7 dots. Stroke characters
are created by fine resolution strokes, produced in either a
fixed or random format.

There seems to be no major difference in performance between
dot matrix and random stroke characters. Fixed stroke
characters require more processing time but are also legible
and suitable for certain purposes. Shurtleff (1980) recommends
that the dots in the dot matrix be as round as possible and as
continuous as possible, resulting in continuous, smooth-
appearing lines.

Font

Font refers to the style, shape, and proportion of the alpha-
numeric character set. In general. Bean (1980) has found no
evidence to demonstrate superiority of one font over another
for CRT applications. He recommends that serifs (extra
curls and lines for accent) be avoided on CRT's and that
upright rather than slanted characters be used to avoid the
"stairstep effect" caused by diagonal lines on raster screens.

Regarding particular font styles. Shurtleff (1980) recommends
the Lincoln/Mitre font because it has been empirically refined
to reduce inter-character ambiguity. Bean (1980) finds
acceptable the Lincoln/Mitre font, as well as the standard
Leroy font and the MIL-M-18012.

Overall, several fonts could be used effectively for visual
displays, the final decision resting primarily on aesthetic
and logistical considerations.

Dot Matrix Size

The size of the dot matrix can range from 5 x 7 through
7 x 9, 7 x 12, 9 x 11 or larger. Shurtleff (1980) considers
the 5 x 7 matrix to be only marginally acceptable: for ]es
than optimal viewing conditions hc re(co:,-'unds a 7 x 9 or
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larger matrix. Bean (1980), Cakir. et al (1980), and Sherr
(1979) all agree that the 5 x 7 matrix is acceptable for
most purposes. Since the 5 x 7 matrix is probably the most
common dot matrix, it would appear that its use is often
appropriate. If viewing conditions are expected to be
significantly below optimum, however, a larger matrix size
should be considered. As display technology matures, the
frequency of use of 5 x 7 matrices will decline. The ccst
differential between this and larger matrices is lessening
rapidly and esthetic considerations greatly favor larger
matrices. We therefore recommend that larger matr3ces be
used over 5 x 7 matrices.

Character Width to Height Ratio

The character width to height ratio, also called the character
aspect ratio, refers to the horizontal vs. vertical proportion
of the individual character. Shurtleff (1980) suggests that
the character width should be approximately 75% of the height.
Bean's (1980) range of 50-100' is in general agreement with
Cakir's (Cakir, et al, 1980) range of 70-801 and Sherr's
(1979) of 71-77%. Buckler (1977) concludes that character
aspect ratio is a relatively unimportant legibility factor,
and that a rather broad range of values is acceptable.

Stroke Width to Character Height Ratio

How thick should the stroke be in relation to the character
height? Again, researchers generally agree that the stroke
should be between 12 and 20% of the character height. Sherr
(1979) suggests that in general, designers should use the
thickest lines possible, or at any rate, not less than 10,K
of the character height. Table 4-2 reviews other suggested
ranges. The stroke width does not seem to be a critical
variable affecting legibility provided a minimum width of
about 12% is obtained.

Character Spacing

Character spacing refers to the amount of space between
characters on a line. Based on evidence from Shurtleff and
Alexander (2972) and Crook, et a], (1954). Bean (1980)
recommends a character spacing range of 10-15' of the symbol
height. Cakir, et al (1980) recomm::end that characters be
spaced 20-507 of the character width. Shc-rr (1979) finds
25-65K of the character height acceptable. Shurtleff (1980)
suggests that for direct angle viewing. characters can be
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as close as 8-10'c of the symbol height. For extreme off-axis
viewing of 450 or more, 25-50C of the character height is

0 recor,mended. In general, for suboptimal conditions, Shurtleff

recommc nds spaci ng approximately 25,! of the character height.

Spacing betvkeen lines or rows of characters should be at
least 50' of the ch,racier height according to Bean (1980:
cf. Strecter. et al, 1972). Cakir, et al (1980) recomend
a more cris.,-rvative l00-1507, of char cter hejight.

Cakir. et al (IPSO) also make an important point relating to
character size and cia,-act(-r s.racing. The opt imum character
size or sl.ac-.ng for it-gibility (i.e., recognizing individual
characters) :may no, be optimal in terms of readabilitv (i.e..
comprehending sentences in prose format). There is a trade-
off between the clarity of individual characters and the
readability of long strings of words. Large characters
with wide spacing may be very legible, but the number of
eye movements required to read a passage may be greatly
increased, thus lowering the passage's readability. This
tradeoff should be kept in mind when choosing a particular
character spacing level within the ranges specified above.

Display Capacity

Display capacity refers to the absolute number of characters
that can fit within a given display surface. It is a
function of (1) character size and spacing, (2) screen or
display size, and in the case of CRT's (3) the size of the

margins on the screen's edge. The display capacity can also
be thought of as the product of the maximum number of lines
times the maximum number of characters per line. Sherr (1979.
specifies a system with 25 lines per display, 64 characters per
line, resulting in a display capacity of 1600 characters (for
color displays).

Although the capacity of a display is an important dimension.
we do not mean to suggest that the formatting of content
should be so densely packed in. The formatting of characters
on the display is a completely independent issue and should
follow guideines from the literature in various fields 0L

applied design.

Chromat c i t•

Chromaticity refers to the choice of color used as 1The basic
hue for displays (gr(en, yellow, etc. ). Research has showr.
that yellov., gren and white sy\mbols nl-',r Ihe center of the
visual spectrum provided better perfr;ance than those at
the extremes (blue and rod). (2hurt It I. ...:
et al, 1974: Snov.b(.rg, 1971 ). IKrebs et_ a] (19794) sugi. s tnl
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following guidelines for selecting colors:

1. use no more than four colors

2. use red, green, and yellow to code alphanumerics
3. use blue for large symbols or where symbol

identification is not a problem
4. use white for peripheral signals

Krebs (1978) also reported that red, white, and yellow symbols
were read at a much higher rate than were green and blue
symbols (,eister and Sullivan, 1969: Rizy, 1967). For
colored signal lights amber, violet, and red were spocted
more quickly and had the fewest identification errors
both with laboratory and flight performance tests. Sherr
(1979) finds all colors except blue acceptable. It is clear.
however, that any color may be used successfully with adequate
levels of luminance.

Letter Case

The case of alphabetical characters can be either all capitals
(upper case) or mixed upper and lower case characters. For
many purposes, u.percase character sets are adequate; however, for
extensive prose reading, off-line research has shown that
mixed case characters improve performance. Bean (1980) has
found no research investigating mixed case characters on
CRT's or other electronic displays. Vartabedian (1971)
found that on electronic displays, upper-case words were more
effective for visual search tasks, but that mixed case

format was preferred for reading tasks.

More research needs to be done before we know fully the effects
of case on electronic displays.

Summary cL Legibility Factors

* Character size is the most important legibility factor.
Alphanumeric characters should subtend at least 15-30 minutes
of arc from the eye; thus, at 28 inches viewing distance,
characters should be .12 to .24 inches in height.

* The dot matrix or random stroke methods of character
generation are preferred over fixed stroke method. Fixed
stroke characters are slightly less legible but are also
acceptable.

* Any of a number of fonts are acceptable since insufficient
research has been done on electronic displays. Fonts, however.
should avoid serifs and slanted lines (to avoid the 'stairslep'
effect). Good fonts include the Lincoln/Mitre, the Leroy, and
the MIL-Y--]8012.

I . L -m i I - 11 l i l l
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e Matrix size: Five by seven matrices are marginally
acceptable, although they are the most currmonly used matrix
size. Larger matrix sizes, such as 7 x 9 or 9 x 11, are
preferred, especially when used with higher resolution
screens.

9 The character width to height ratio should be about
70-80%; however, it is not a major factor.

e Stroke to character height ratio: The stroke should
be 12-20C of the character height: generally, the thicker
the stroke the better.

* Character spacing should be at least 15-.5C of the
character height. Spacing between rows should be 50-150%
of the character height.

• The display capacity requirement depends on the
kind of task the display will be used for. A common display
capacity will allow approximately 1600 characters to be
presented on the screen.

e Chromaticity has not been shown to be an important factor.

0 Letter case is a factor not well investigated on
electronic displays. Hard copy research suggests that mixed
case is preferred for prose reading tasks; however, this
finding has not beer., replicated on electronic displays.

I
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CHAPTER 5

DEVELOPMENT OF MATERIALS

J .

Each of the major system types has different development pro-
cedures associated with it. These different development pro-
cedures have implications which must be taken into account in
the analysis of the hardware. This chapter analyzes the various
development procedures.

Analysis of Army Training Materials

There are three general classes of Army training materials: school
curriculum, exported (extension) training, and embedded trainin4--
Computer Assisted Instructor (CAI) or Computer-Managed Instructicr.
(C.M.I) embedded in operational equipment. The first category conCsts
of course notes, handouts, overheads, and so on. Exported train:ng
materials include Training Extension Course (TEC) lessons, Educational
Television (ETV) programs, Army Training Literature Program (ATLP)
manuals, Skill Performance Aids (SPA), Army Correspondence Course
Program (ACCP) sub courses, and Skill Qualification Test (SOT)
materials. Embedded training materials take the form of computer
programs (except for materials used in CMI). The major concern of
this study is with exported training materials, although embedded
training programs obviously have direct relevance.

Exported training materials can be classified into three major
types with respect to electronic delivery systems:

1) TV safe materials - This includes audiovisual TEC
lessons and ETV programs which can be developed in
videodisc format relatively easily.

2) Standard printed matter - This includes all printed
TEC lessons, ATLP, and SPA manuals, ACCP material,
and SQTs.

3) Oversize printed matter - This includes documents
such as large schematics, charts or maps which are
not of a standard size.

The second category of materials (i.e., standard printed matter)
includes a number of different components such as text. line
illustrations (diagrams), charts, photos, and flowcharts. Table
5-1 presents some preliminary data on the relative frequency
of different components in selected Army training materials.
Note that the categories are not exclusive (e.g.. a single pa_-
could include a chart with an illustration in it). This daa:
suggests that illustrations are the prominent component in
technical r,,anuals and are quite freauent in ATLP matc-rials
such as training circulars or field manuals. The data alsc'
suggests that photography is used quite infrequently.

Si
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Text deserves some additional comments. Text is common in
two forms: typed or typeset. Typed print almost always reads
across the full width of the page while typeset print is often
set in two columns down the page. Generally a manual will be
either typed or typeset but sometimes both are found in the
same manual (usually not on the same page however). Caution
and warning notes in manuals are boxed and usually only one
column in width. Notes, as well as labels and call-outs are
typically in bold face.

Color is used in a number of different ways in printed matter.
Its primary use is to highlight or isolate a piece of equipment
or an important heading or sentence. For example in an illustra-
tion of a piece of equipment, a particular part being discussed wall
be colored, or an important piece of text (such as a warning) ra,
be in color or surrounded by a color box. Color is also used to
draw attention to important information and to improve the
motivating qualtities of the material (i.e., by making it more
visually stimulating).

The implications of this analysis to the development model are
as follows: Training materials which are already in T.V. sale
form or designed for embedded training involve relatively
straightforward transformations for electronic delivery systems
(EDS). Materials which are in print form (either standard or
oversize) require a much more extensive transformation process
if they are to be converted for EDS use. The variables of
importance in such a transformation process are the complexi',
and size of illustrations and charts, the nature of the print
(one column or two), and the presence of color. These variables

"* affect the capabilities needed to record and display materials
currently in print form.

Analysis of Army Traininz Materials Specifications and Reculations

A second important input to EDS development models is the existing
specifications and regulations for Army training materials.
Table 5-2 provides a partial list of some of the documents applic-
able to the development of Army training materials. Many other
specifications, standards, and regulations exist and are
referenced in the documents listed in thE table.

These documents define the organization and structurt of Army
training manuals. The structural specifications- (i.e.. 'ha<

sections must be present ) would apply to the development of
EDS materials. However, spocifications and gu'delines regardi-:
the design of illustrations:, pag- size, tye size, indexing

schemes, and text pre-paration would not an' in their presen"
form to EDS materials<. In addition, ther are a large numbl ,-
of dynamic and interactjve canahilit e .tk hic , lIDS present-
ations would al]o ,, which are not covercd ir. thc present reguiA,
For examrl e. text screens can ( built uro on a di splay, scro
if possible. and text can be made to 1,link or Move. Tnus som.
asrects of current specificat ons gu d,,]incs will not ai-bp t(
EDS. and some EDS caab2 ltic - %kill rf.quir 9  n<.v sp>cificat

I!
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TABLE 5-2
Documents Applicable to the Developmrent of

Army Training Materials

MI .L-,-3S8S8 4anuaIs. Technical General Style and
Forma: .eauirements

1L-!,-6300! M!anuals. Technical: Repair Parts and
Special Tools List

Mj TIL--M-63004 Manuals. Technical: Preparation of
Lubrication Orders

MIL-M -63035 Manuals. Technical: Front End Analysis
MIL-M-63036 Manuals. Technical: Operator's, Preparation of
NMIL-'.-63038A Mlanuals. Technical: Organizational or

Aviation Unit, Direct Support orAviatior.
Intermediate, and General Support Maintenance

MIL-,,.-63040 Manuals. Technical: Preparation of Extersion ;
Training M'terials

VIL-,-63043 Manuals, Technical: .issile System Equjmen:
Check Procedures

MI L-'-,-63044 Manuals. Technical Missile System Equipmer-
Unit-Under-Test (UUT) Procedures

MIL-.V-63049 Manuals. Technical: List of Applicable
Publications (LOAP)

.IL-.-63050. Manuals. Technical: Components of End
Item. Basic Issue Items. Additiona-
Authorizations, and Expendable Supolies
and ,,aterials Lists

MIL-HDEBE-63038-l Technical Manual Writing Handbook
MIL-HDBK-63038-2 Technical Writing Style Guide
TM 38-750 The Army Maintenance Management System
TC 21-5-3 TEC Management Instructions
AR £l]-20: Enlisted Career Management Fields and

Military Occupational Specialties
TRADOC RrFC

350-100-1 D-eelopment. Imp]ementati on and Evaluatior
of Individual Training "

TRADOC P-.'
Pj 350-3G Irterervice Procedures for Inst-ruction:a

Svste m.Deve.]opmen:

TRADOC P(,L

351-2 Sk:]] Ou]JificaTion Tests (SQT) PolCio'
and Prccur-
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The capabilities of EDS could also change the economics of
developing training materials. For example, the use of color
is generally discouraged insofar as it requires approval of the
Office of the Adjutant General (AR 310-1). If material is to be
converted to videodisc format and presented via color TV monitors,
the use of color is no more expensive than monochrome and there-
fore may not need to be proscribed as such. Similarly, line
illustrations are recommended rather than photographs, primarily
because of the additional expense and difficulty in using photo-
graphs in print media.

However. if material is to be converted to videodisc format,
it may be as easy and no more expensive to use photograpfhs as
illustrations (depending upon the display r-solution required).
If materials are prepared. stored, and distributed in electron:c
form. this will undoubtedly affect regulations concerning rev>-
sion. Thus, the use of EDS may change the rationale underlying
existing specifications and regulations depending upon the type
of conversion approach followed (see next section).

Develonment Models for Existir 1 ,aterials

Three types of development models for converting existing materials
to EDS for.., are needed: one for T.V. safe-type materials
(i.e., TEC audiovisual lessons. ETV programs), one for printed
materials, and one for embedded training programs. This section
outlines models for each of these three types.

TV Safe Materials. Figure 5-1 presents two possible models for
convert:ng TEC audiovisual lessons to videodisc format for us.s
in an EDS. In the best case. the 16m. film master of the TEC
lesson is available and can be converted to videotape relativel:
inexpensively and automatically. In the worst case model. a
tape must be made from the original camera ready mechanicals
(CR.:';. and errors are assumed. The cost difference between thr
best case and worst case models is estimated to be a factor of
four times. Conversion of an FTV program is relatively simpl,
and involves only three steps: (3) producing a 3'4" dub tart-
with visual S-VPTE, (2) producing an edit log for revie\ of ta,.
and (3) editing th- rnaster tar to disc. The addition of ncv
sTill frames represents an additional ed:Iing stei,.

WICAT has successfully converted a TEC lesson from 16rm filrform to a 2 inch master tap(. This process required about

hours of studio tim- for a half hour lesson -- longer than hr:
been expected. Con.iderable editing time, was required for th
pauses in the lessor.. An additional frame or text overl:r.
must be made for each paus> ("press next to continue"). Pr, su..
in an eIe(tronic dr-2very sy.-t ., this ause would be associa ti
with the entering of a resr.. - and feedback. This .xner enc'
with TEC convcr irnr su, g'< s thaxt thm c,!,ts n : bt- closer to ir.
worst cas than th- t1-1 chi -,_ -s.. . :e 1 whcir. coney: t-C
directly frcm 16::.m fi].
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BEST CASE mODEL WORST CASE MODEL

Obtain Master Obtain originrKl

16m film art/scr:p!

and master
audio tane audio ape IProduce a inch

ia _ tape and 3,,4 inch

Csing Telecine, edit copy

edit still
frames and
audio onto Lis t

premaster tape
for disc __

- Tudio eddi

ater inch Premase

f rom premaSter
tape

FiGURE 5-a.
Conversion of TEC Lessons to

Electroni- Delivery Svstem ]Form
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Print Materials (ATLP.SPASQT/AFRTfP, ACCP There are a varietx
of alternatives for the conversion of print materials to FDS
form. Figure 5-2 presents the manual formatting approach. First
an edit log is made from the CRM's. The text is retyped on a
studio quality character generator and stored invideo form. The
original art is either shot as is or made into multiple over-
lapping shots via zooming, in order to achieve sufficient
resolution with an NTSC system. The text and art are then edited
together on a premaster tape which can then be mastered in
videodisc form. The delivery system uses lo resolution color
monitors.

Figure 5-3 presents a second approach: as-is conversion using
high resolution input-output. The original materials are shot
page-for-page by using a high resolution camera. The camera
output is either converted to digital form via digitization.
sampling, or FM encoding. The digital information is then stored
on either magnetic or optical disk. The information is then
converted or decoded back to analog form for display on a raster
type high resolution TV monitor, or displayed digitally on a
high resolution vector or storage display (bypassing the conver-
sion/decode step).

Experimenis 3 and 4 of the present study investigated the limits
of the reformatting and "as is" approaches. It was found that
reformatting text and graphics for NTSC video typically requires
a minimum of four to five video pages for each text page. More-
over. zoom-ins for graphics must be so close that an "establish-
ing" shot is often needed to orient the user to the relation of
each portion of the graphic to the whole. In order to transfer
an entire text page to video format intact, a minimum of approx-
imatelv 1000 TV scan lines was required, at a 20Mhz bandwidth.
This is far above the 525 scan lines at 4.2MHz available on U.S.
broadcast TV.

A third approach (automatic reformatting) is shown in Figure
5-4. In this method, an addressable camera is used to digitize
the materials. Under software control, the original materials
can be reformatted during the scanning process (i.e., by select-
ivel- reading parts of the page) or can be digitized completely
aF is and reformatted before storing. The stored information
is then converted back to analog form and displayed on a lo\ or
medium resolution monitor. In this approach a page of full
width text is scanned in order to djvide it into quadrants.
This is accomplished by spotting word boundaries approximate,
half way across each line. Figure 5-5 presents the process
schematically. Th - firsft line is divided into two parts. A and B.
These are then presented s(,-uenti al ]v down the pagt. Tne sam-.
appileE to otner full page wiatn lines.

This last alternative is being investigated by the Illinois
Institute of Technoiogy under contract to ACTO. A first pa ,ss
is done in low resolution to spoi breaks and to generate comi.tutr
comm-.,and. Then a second pass at 20D02000 resolution is perfcr,t-d
to digitize and refrmat the pa£e. The full proc, ess lakes fv-r,
20 seconds to several mir.uites, depcnding on whether the orig2n:]
page is already in colum ns or in full width text. Graphics art
dagitized separateiv.

I!
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Each of the three alternatives for print conversion is technic'.lv
feasible but has not yet been operationally demonstrated. The
manual reformatting approach is a labor-intensive procedure. For
example, WICAT reformattec a full page of typeset text from a fielc
manual using a compositor. This took 67 minutes from start
to completion and resulted in 22 video frames. While this is
likely to represent a worst case situation, it is clear that
manual reformatting will be time consuming.

The conversion and delivery equipment required for the as-is
approach is relatively ex.-nesive (conversion equipment is S2C-
$50,000; a high resolution black and white monitor is S1,000), a
huge amount of memory is required to digitally store text and
graphics unless character recognition is used and graphics are
converted and stored as programs. This would add a great uea"
of complexity and expense. however, the conversion process would
be quite fast since it simply involves shooting the existilng
CRM's. In addition, a much greater amount of information can

be presented using the high resolution monitors.

The automatic reformatting approach also involves expensive
conversion equipment ($20-50,000) and decreases the labor required
for conversion. In addition, low or medium resolution monitors
can be used for delivery, making this approach less expensive
in terms of delivery equipment than the as-is approach. However,
because the information is relormatted, many more pages of
information result than the originals, and this might result
in greater training time.

" Until each of these alternatives is operationally tested, it is
impossibie to determine the best approach for conversion of
print-materials to electronic form.

Embedded Training Materias. Embedded training materials (CAl
or C:i ) exist in the form of computer programs for lesson prese:n:-
ation, testing, or student management and are presented on
operational equipment. Provided that these materials are in
languages available on the electronic delivery svstem and do n,:
require the weapons system hardware, they can be ,sed as-is.
If the language or hardw.are is not available, then the code
must be converted to a language which is used. If the embedf-

materials aso involve print or audiovisual media, or if audci,-

visual media are to be added (e.g., on a videodisc) additions'

progra aning is required to include the frame addrvsses in tht
programs.

Obviousi , a compl ex simulation. pro:ram dnvcfiv::;co ura-hacs
would require the euuJva> n: cap..:(e in t nek dt-livt
system hardaw re and shtaro. I. thes_ ca::L t ¢-s Wt-r( ."

present, it is possible that th( gra!phac5. coud be redone
st i 1s or animat ion sequenct,s and stored o,. the vidt-od:sc.

Clearav thas type ol contrsion v,( ui t. e;pt.- vf and comp,c: ,.
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Recorded Audio vs Synthesized Audio. At the present time, record-
ed audio provides better quality, and is less expensive than
synthesized audio. Note, ho~ever, that synthesized audio could

potentially save development costs since it would be unnecessary
to hire an announcer to read a script. The script could be coded
into a program and automatically generated from a digital
representation. In addition, synthesized audio might make re-

vision quicker and less expensive since changes could be made

to the digital representation rather than having to re-record.

For most audio sequences, recording is presently the most cost,'

effective means. However, there are some situations, particularly

with respect to feedback messages for generated items (e.g. "The

answer 36 is incorrect . . . the correct answer is 32"). Here

synthesized audio may be a viable alternative to recorded audio.

Innut Mode. The development costs associated with input mode

are primarily software costs. For simple input (yes/no, A, B, C,

D, etc.) the programming is about the same. Thus, the code re-

quired for processing a single key entry is about the same as

that required to identify an X-Y position on a touch screen, and

about the same as testing a match for a single word utterance

from a voice input system. Input from special purpose controls
often involves analog to digital conversion.

The use ofahigh level authoring system which automatically
generates the appropriate code for handling input may eliminate

the differences between input modes. Of course, the time required

to develop the authoring sy:stem wculd reflect the differences.

Develooment Models for New aterials

The previous section dealt with development models for conversicr.
of existing materials. However. consideration should also be
given to models for developing new materials for electronic
delivery systems.

Figures 5-6 and 5-7 depict some of the alternative methods
possible for producing materials. Text can be entered into a
word processing system or a video character generator for digittl

or videc format respectively. From the word processor. the
materials; can be printed out and distributed in paper form, or
stored in magnetic form for electronic distribution and displa%.
Graphics can be shot with a camera (original art or photograh:)
for video format and videodisc storage, digitized for magnetic

storage. or computer generated (i.e., animation) for magnetic
storag'

The dotted line- in Figures 5-6 and 5-7 show possible but ies
likely alternative.. For examprl-, while videodasc is likely t(
be physically distributed. the- informaion it contains could b
distributed electronicall] . Digital informa:4on could br stcrcd
or. vidr-odiscs. A th, unh f i- acall strod cifora rIon can I,
physicallv distributed. it s more lik,] to be distriiut-:
eleclronically (a* least in the mid to late 80's). F naui:..
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Figure 5-7. Alternative Methods For Creating New Materials
For Electronic Delivery Systems: Graphics
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note that there are man, alternat ives not shown--indeed print,
video and 4gital info.'mation can be converted as discussed in
the previous section.

S " All of the possible approaches presented in Figures 5-6 and 5-7
are likely to be viable for different applications and developnent
scenarios. For the development of TEC materials to be stored on
videodiscs and delivered electronically, a sensible approach is
to prepare the text by video character generator, record the audio,
and shoot siatic and d'r.tmic graphics via camera so that all
mat-rials are in video form. For the develozment of training
manuals. it T-i ;ht he best to create the text via xkord process-ing.
and produce th.e gr pics va dicitization

cr c:mruter Sc, that alI mterials are in digital lorm for
e ecTron:c or %hv 1ca (,7aer) del:verv. The development of a
szir.ula:ion rrogram for -:bedded training which involves both
videod:sc and ccmputer gin crated displays is likely to involve
the use of a video character generator, synthesized audio, and
both camera-rroduced and computer-generated graphics.

Thus. different development approaches are likely to be required
(or most cost-effective) for different training applications.
These different development aproaches may be made relatively
transrarent to the developer by use of a souhisticated authoring
system. Such an authoring system allows the developer to creaie
and modify a lesson (includ-np graphics and interactive seQuenrces-)
at a fully equiyred authoring station without concern for the,
details of how the materials are actually developed. The

-- author enters the lesson content, prepares static and ani-mtedc
graphics, specifies audio sequences. and describes the inter-
active logic. The autho'rinz system then aids the necessar:,-
intermediate production steps for producing print. video, or
digital ma, erials.
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Charter 6

INPUT DEVICES FOR EI.ECTRONIC DELIVERY SYSTEMS

- 6' Input devices are used to enter data or control electronic

" delivery systems. The most common input device is the com-
puter keyboard. However, a wide variety of other input de-
vices have been developed and used for particular applica-
tions. Many of the input devices discussed below could be
used for different tasks within each scenario. The selection
of the input devices most appropriate for each scenario depends
on the particular tasks, data input constraints, and environ-
mental situations in which the device ,ill be used.

Alternative Input Devices

A representative list of alternative input devices includes
keyboards, keypads, voice recognition systems, touch panels,
light pens, joysticks, trackball, mouses, graphics input
tablets, switches, optical character recognition systems.
optical scan sheet readers,punched card readers, magnetic
card readers, and bar code readers. Many of these devices
have wide applications for electronic delivery systems, but
some are restricted to only a few cases. Here we address those
devices with the widest applications. Figures 6-1 through 6-7
provide a sample of the input devices.

Sherr (1979) presents the major comparison parameters for graphic

input devices. That work indicates that the trackball can
provide the best resolution, linearity, and ruggedness. The

joystick emits pulses based on the deviation angle of the
joystick from an upright position. The trackball, however, emits
pulscs whenever it is rolled. Data tablets can provide good
resolution and the writing and drawing motion is very natural.
Light pens are easy to use but have limits in speed, accuracy,
and ruggedness.

Comparisons Among Input Devices

There is little research comparing the effectiveness and eff:-
ciencv of alternative input devices across a ide variety of
input tasks. The research which has ..- n done does yield so!...
tentative comuarsons among various input devices.

Voice input should be more effective and efficient for inter-
active problem solving than keyb)oards or handwriting (Chapan::.
1975. 1976; Chanan:s. Ochsian. Parrish and Weeks. 1972. (77.
For. 2977 ;eek:s. and C.aoan.s. 1976).

Hanes and Kink' ad (1197]) found that optical character rec"-

nition stem. al i(We-d fa.ster data entry and fe:.er errors ha:
keyboard input. Touch ion(- and digit k-\-acls are very efficac>7
and effective for nu.'.p r'cal nul (Conrad. 1966 Conrad and Eu.
1968 . Touch oar,<] nu* is f;asTer than kC-vL(ara annut 
enterin f  cursor (ontrol information (Ear] and Go f , 1 i,35,

I
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-. Figure 6-1. A typical keyboard.

,. A .i .. -

]Fu-A'r 6 -2. A tyvpiai touch pane].
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Figure 6-3. A typical militarized
keypad (embedded in a data entry
device).

Figure 6-4. A typical trackba .I
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Figure 6-5. A typica'L joystick.

I

Figure 6-6. A typica3 voice input device.

p. _________________-__
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nong graphics input devices the mouse was fastest with fewer
errors when compared with the lightpen, joystick, trackball,
knee control, and graphics tablet (Card, English and Burr, n.d.;
English, Englehart and Huddart, 1965; English, Englehart, and
Berman, 1965).

Touch panels were faster than rotary dials (Heglin, Sabeh and
Driver, 1972). Light pens Pnd light guns were faster than
keyboard for cursor control (Goodwin, 1975). The trackball gave
the best overall control for drawing straight lines and circles
when compared with light pens and joysticks (Irving, Horinet,
Walsh, and Chan, 1976).

Engel and Granda (1975) provide an excellent su.mmary of the
comparative advantages and disadvantages of alternative input
devices. Table 6-1 presents their findings.

Table 6-1
Comparison of Alternative Input Devices

(Engel and Granda, 1975)

Lightpen

Advantages:

• Fast for simple input.
* Good for tracking moving objects.
0 Minimal perceptual-motor skill needed.
* Good for gross drawing.
0 Low error rate, if properly implemented.
0 Efficient for successive multiple selections, if positions

known.
0 . User does not have to scan to find a cursor somewhere on

the screen.

Disadvantages:

0 Does not feel natural to user, like a real pen or pencil.

* Lacks precision because of the pen's aperture, distance
from the CRT/screen surface, and parallax.

• Contact with the computer may be lost unintentionally.
* Frequently required simultaneous button depression can

cause slippage and inaccuracy.
* Must be attached to terminal, which may be inconvenien'.
* Glare problems if tube tilted to optimal an-le.
a Fatiguing if tube 90 degrees to work-surface.
0 Must make bright target on screen, unless the screen is

alread. lighted.
• One-to-one 2nput only (no vernier canabilitv).
* CumbE.-rso.-.> ito, u - at alternate, in'ompatible entry met-lod.-

such as .' rc.
* A kard or diffiacull for ]ef*:-hande.d users.
* Ob.,tructs, porT o. Of scre-.en hen used.
* Tends, to 1,,- . , r vur, :. c, her than originally intend-d

(for .>,< I . for (.n d trt-ssion .
* Care. mus ,t t ki . t:"":i- . . u:ttr activate" area

arou fr . n 1,7- d c h c,:c e
* S]Ov i .l v:r I +: se t ll#-r'dc eni c'ec- b: .. ,c'i
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0 Cannot be used on gas panel

Jovstick/Track(bowling) Ball/Mouse

Advantages:

- Very accurate with high resolution.
& Can be used comfortably, with minimum arm fatique.
" Does not cover parts of screen in use.
* Expansion/contraction of cursor movement possible.
* Joystick and track ball can be attached to and used near

to the keyboard.
* Ball excellent for three-dimensional rotation of objects

(not of cursor).

Disadvantazes:

* Slower than lightpen for simple input.
0 Must be attached, but not to display.
* Unless large joystick, inadequate control/display ratio

with positional control. Ratio adequate with rate
control. The displacement of the stick controls both
the direccion and the speed of cursor movement.

* Difficult to use for free-hand, graphic input.
I Inconveninent to have integrated 'activate' switch with

ball.
* Mouse requires additional workspace surface.
* Mouse requires removal of hand from keyboard.

Stylus with Tablet

Advantages•

* Excellent for graphic entry.
* User works on horizontal surface.
* Multi-purpose input device
* Expansion.contraction of cursor movement possible.

Disadvantages:

o Extra space required on work surface.
0 May have coordination problem due to displacement of

visual feedback of motor activity.

Kevbo)ard (Function Ke':

Advant age.

* Close at hand if user typing.
* OK for text editing.

Di sadvar. az.-s

* Fine res<iution difficult.
0 Li.ited control in most ca.ses. usual ]\ in incrcc-en L'C

one characier.
* Lirr.it-d rro rn unI es. chorded inpuL accer tal. C, but thI .

requires long traanin2 timfe and skill to opct-!aTe, a.: t

error rate is high (107;
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*Cannot enter graphics.I
Engel and Granda (1975) summarize their recommendations about
the various input devices as follows:

"While this list of advantages and disadvantages is
t.7 not exhaustive, conclusions may be drawn from it which

can be verified with future research. The light and
selector pens have few of the desirable features which
were listed in the introductory section of this report;
they have many disadvantages that would preclude them
from being used effectively and effortlessly by users
in a wide variety of applications. The bowling (track)
ball, unless very large, would probably be too slow,
given the recomended requirements for control/display
ratio. There is also the problem of placing an "activate'
switch on or under the ball. The mouse must be used on
a flat work surface, which may be impractical. In ad-
dition, a user would have to remove the hands from the
keyboard to use it (assuming that alphanumeric entries
are necessary)."

The stylus with digitizer is versatile, but requires
extra space on the workspace and probably could not be
moved around easily (for example, away from the screen).
Keyboard controls are sufficient for rough positioning,
but some other method is needed for precise cursor
placement, especially when a customer is paying for an
all-points addressable feature."

"From an overall human factors viewpoint, the joystick
-' appears to be the best control method, in ease of use,

in control response characteristics, and in range of
applications. It has long been used as a control device,
and a number of satisfactory guidelines and design
para.meters exist for its use. Its responses can be
internally modified so that a user can control externally
the relationship between control movement and display
movement (referring, for example, to correspondence to a
vernier capability). It can be attached by a connecting
cable to the terminal, and the user is not tied to a given
distance from the screen. It is accurate, especially
with vernier capability."

Additional research on graphics input devices can be found
in Shapley and Shipley. 1970; Prince, 1971; Ritchie and Turner.
1975: Walker, Gurd and Drawneek, 1975.

Ramsey et. al., (1978) and Ramsey and Atwood (1979) providt
an excellent sumrar: of tne ;esearch comparing alternativc In u
devices. Tah, 'e 6-2 pre5-nts their resu's.

The table points out that the selection of an input device is
dependent on the particular input tas-k and eniironu~ent in whic t

the device will be used. There does not appar to be a boil
input device for all tasks and situations. Fol'y and %'. '
(1974) and Wallace (1976) suggest th,- need for mocduar, v rtua ,
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or generic input devices and tasks which are then controlled
by the interactive software. Ramsey (1979) suggests that
there are five major types of input tasks.

1. Text input
2. Numerica7 input

f. 3. Command selection
4. Discrete position (graphical) input
5. Continuous position (graphical) input

Knowing what the input task is helps in the selection of the
input device(s) which will be most useful, efficient and effective.
If large amounts of text are to be input then an alphabetic
keyboard is needed. Lightpens. trackballs, joysticks, and

graphics tablets would be virtually useless. For limited typing.
kevpads or touch panels would b, useful. Optical character
recognition systems could be used to input full pages of text
or handwritten documents. Research on optical character recog-
nition done in the mid 1960's showed that input rates .ere
slower than unskilled typing (Devoe, 1967; Masterson and Hirsch,
1962). However recent advances have made optical character
recognition systems much more efficient and effective. Very
little comparative research has been conducted on these new
character recognition systems.

Numenrica7 input would likely be most effective and efficient
usinz touch tone keypads, numerical keypads, or voice recog-
nition input.

Graphics positional input (either discrete or continuous)
requires the use of a graphical input device. The lightpen,
joystick, trackball, mouse, graphica: input tablet or touch
panel could be used. Selection of the best device depenas on
a thorough analysis of the task and environmental constraints.

Ramsey (1979) notes that there is a large body of research
on input devices, but the majority of the research has been
restricted to the computer keyboard as an inpuy device. The
research on other input devices is rather limited. The majority
of such studies compare the speed and accuracy of only a few
of the input devices on a specific research task. Although
these studies do provide some general suggestions about the
effectiveness of the alternative input devices, they do not
allot for the preparation of specific guidelines for selecting
and designing input devices.

Keyboard Research Development

Ald,:-,. Daniels and Kanariels (1972) suggest that the manor
human factor issues in keyboards are concerned with kev

dimensions (.5 inch diameter, .75 center to center spacing,.
kev force and displacement (.9 to 5.3 oz force and .05 tc,
.25 inch displacement), tactile feedback, keyboard size, nu.-(rc
cluster arrangemeni and benefits of chorded rather than key b',
key sequential entry. Hanes (1975) and Cakir. Hart and Steka r
1979, also provide excellent reviews of issues in kevIonrd d5+
and use. Martin (3973) and Burch and Stratler (1974) c:scu.-
the benefits of special function keys.
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Cakir, Hart and Stewart (1979) list the following parameters
which affect the feel and useability of the keyboard.

PARAMETERS SPECIFICATIONS

SI Shape and profile of key tops Square shaped keys are
preferred.

Keyboard profile Keyboard angle should be
5 to 15 degrees

30mm from base to homeKey'board thickness keyrow

Dimensions of Keys Square keys 12-15mr
center spacing 18-20m=.

Size and coding of key legends User prograzmable keys
are beneficial

Key force and travel Force 100-300 grams
Displacement 4 to Smm

Tactile feedback Useful for inexperienced
users

Key roll characteristics Error rates 30 lower with
rollover or chorded keys
which store all key strokes

Color and reflection of key Glossy reflective keys cause
and keyboard surfaces less fatique and headaches

than marte finished keys.
Grey or light colored keys
are more effective than black
or dark colored keys.

Keyboard Layout

The major factors which should be considered in the keyboard
arrangement are as follows (Cakir. Hart and Stewart, 197TO):

0 operation of the keyboard should require as many changes
from one hand to the other as possible.

a the letters in the home row of keys should include those
which occur most frequently in the language.

* there should be a roughl, even distribution of load be-
tween the right and left hands but with slight emphasli
on the rightr hand.

* the distribution of load on the key rows should give
emohasis to the home ro',. then to the top and bottom roms
in that order.

a the least use should be maci,. of the ring and little far.~r>
i.e. the keys at the end.& of each rv should correspond tc;
the least frequ-ntlv occurrinz lelters in the languagt:.

* the number of keying seque.nces requiring the consecutivE u-
of the nJdd1er2ng and ring']ittle fingers should be kept
to a minimum.
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* wide and awkward spans of the fingers on each hand
should be avoided or at least kept to a minimum.

Three major keyboard arrangements have been proposed: the
standard QWERTY layout, the Dvorak keyboard, and the Meir

1O keyboard (Cakir, Hart and Stewart, 1979). Kroemer (1972) also
proposed an alternative keyboard design in which the keys are
separated into two subkeyboards--one for each hand. The separate
hand keyboards are at angles designed for ease of typing at
normal arm levels. Although advantages are claimed for each
of the keyboards, the standard OWERTY layout has survived and
become the de facto standard for keyboards. The keyboard
recommended for use in the Spacelab Data Display System includes
the standard keyboard, three dedicated function keys, and 25
prograrznable function keys.

The major numeric key layouts are the touch tone arrangement
and the adding machine layout. For inexperienced users the
telephone layout is more effective.

The combination of a standard QWERTY keyboard with a function
keypad is comon. Programmable function keys permit the same
key to call forth different functions in different programs;
this can significantly extend the usefulness of the function
keypad.

-*•
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Hand Held Keypads and Keyboards

Hand Held keypads are very frequently used in hand calculators,
remote controls (TV), and electronic games. Business and
industry have started to use hand held terminals for point of
sales use. Recent videodisc players also use hand held control

units for videodisc control. In addition, WICAT has developed
a keypad for controlling an interactive videodisc system. A
recent issue of BYTE (January 1981) had a special report on
hand held computers. Figure 6-8 presents a typical hand held
computer.

New Kevboard and Key Develoomerts

Recent use of hardened plastic membrane switches and plastic
gm keys allow for the preparation of membrane keyboards Uith

the feel of spring loaded keys. The cost for OE. qualities will
be $20-$30 for a 59 key keyboard (Ohr, 1980).

Solid State Technology recently announced the sale of a Proteus
terminal. Like the Greek god namesake, the terminal enables
a user to modify the form of the input device to match any
occasion. Instead of a standard keyboard the user develops
customized keyboard layouts whenever needed. The newly designed
keyboard layout can be activated through a touch sensitive
overlay panel for a CRT screen. "Programmers can arbitrarily
assign any meaning to any symbol making a character stand for
a whole instruction set. a subroutine, or a program. (Lowe. 1980,."
New keyboards can be designed in about five minutes, it is cla med.

Voice Input

Voice input is especially useful where hand or eyes are busy.
An example is a maintenance aiding task. where the soldier car.
ask verbally for a new page of a technical manual to be presented
or for other information. Speech is a natural means of cormuni-
cations for untrained soldiers who cannot type. High quality
voice input units are more accurate than typing, although there
is a wide range of recognition accuracy available in the market-
place. Voice input also permits greater mobility than a keyboard.
For example, the voice input system can use a radio to transmit
over short distances, thereby freeing the soldier from distracting
and annoying %kires leading back to the voice input unit.

There is a wide ran & of voice input recognition accuracy ano
cost. The price ranges from a few hundred dollars to well ov I
sixty thousand dollar.s for individual units. These cost diffcr-
ences are primarily related to two factors: The first i
recognition accuracy and the second is the ability to dist in-,-,
words separated by very brief pauses.

After reviewing man'y coimmercial systems, discussing capab1 1 it 2i-
of voice input syster.- with current users. and revieing the
literature (see for exam.ple, Lt.: . 1980 or Leva.n ,-, and L: :;.
1981) we have concluded that the m,,ajority of current voic,
input systems are virtually useless for most military aji, icat cn>
because of their limited reconition accuracy. Units with
sufficient accuracy for widespr iac use t\'rhcallv Cost mure than
seventy-five hundred dollars toss-a
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Figure 6-8. A typical hand held computer.
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It should be noted that recognition accuracy bears little
resemblance to the published reports of the manufacturers.
One must see the units in action or talk with knoikledgeable
users to gain a true picture of how the system performs in
the field.

The other major determinant of cost is the ability to recognize
words which are separated by very short pauses. In our normal
speech, words are seldom separated by pauses. Instead, we
speak in an almost continuous string, which others can under-
stand only because they are able to use many cues and expect-
ations to decipher the word string. For example, when we say.
"I made a deposit at the " we can fill in a number of
plausible words, and even rank them in order of likelihood.
Without this ability to use non-verbal cues and

expectations based upon what is being said, vo2ce recognitior
systems are at a great disadvantage in relation to human
listeners.

The problem of separating words is further complicated by the
fact that many silences occur within individual wc;-ds. It is
not uncommon to find a silence of 90-100 illiseconds within
a word, but a much shorter pause, if any, between words. For
this reason most voice input systems are limited to recognizing
isolated words. "Isolated" is defined as a pause of greater
than approximately 120 milliseconds. In essence, words must
be spoken one at a time.

A few of the more expensive systems no%. permit connected speech

recognition. In this system, the pause between words can bs
shortened considerably, and can even less thin the 90 to 100
rmillisecond silences found within words. In order to accomplish

this, the voice recognition system must try to match words at

every silence. Since it cannot know whether the silence is
within a word or between words, the system must compare the words,
which it expects against each portion of the speech string, and must

attempt different combinations of the speech sounds which are

separated by short silences in order to try to find a match. This

requires considerable processing power.

Ultimately a system to recognize continuous(normal) speech will
be designed and built. Such a system will almost certainly
need to "understand" what it is hearing. This capability has
been pursued for decades, and still appears to be years away
from a com:.,ercia] realization.

The majority of current voice recognition systems are speaker
dependent. This means that each user of the system must train
it for every word that is to be recognized. The tralnnE
usually consists of ten repetitions of the word or other ulltr-

ance. Utterances can be up to two to three seconds each.
This permits recognition of short phrases up to three or four
words in length which ill a I avs be treated as a unit. A f-,,
systems have been designed to be speaker indepe-ndent. Thes
systems are usually very expensive and quite l]milt-d in tht
number of words which they wi 1] recovr.zE 5:, di. ,' .
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systems will recognize between approximately forty and three
hundred words, depending upon options.

In sum, the voice recognition system most likely to be feasible
for Army use in 1985 is a high quality, speaker dependent, isolated
or connected word unit. This type of unit is commonly used
today for voice controlled numerical machine programming, for
sorting packages at shipping docks, and for quality control
inspections. In the Army it can be used for these applications
as well as for simulations of voice-dependent operator tasks
and for maintenance aiding.

I

II

. . -
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CHAPTE 7

DISPLAY DEVICES FOR ELECTRONIC DELIVERY SYSTEMS

aitput devices are cAputer peripheral devices %hich display alphanuri-tric,
graphical or realistic visual information from interactive systc.s. The
thrz-E: maior claz szifications of output devices presented beloA will be
con x~-rtd in this chapter.

1. Teletv.r,7riters,I.:iers and word promess-ors which provide
hard copy output.

2. Cathode ray tubes (C. 's) wich present alph-ntu-eric and visual
infc-inration on any of a variety of television-like teii-,inals.

3. Flat panel displays ",hich present alphanur#eric and/or visual
information on any of a variety of flat panel electronic display
devices.

I A four-th type of output device concerns tAo and three dimensional output
devices such as dial and gauge control, turtles and robots. Since the
majority of work in instruction and training involves the first three
t-pes of output devices, the research and recamendat ions presented in
this chapter concern the first three categories.

Subdi-visions within each raJor category will discuss the various
types of electronic output devices within each general fa-ily.
Cor, arative evaluation information arona the display alternatives,
if any will be presented and current and future trends in technology
will ba noted. A brief preview of sae of the subsection topics might
be helful.

The section on teletypewriter printers will discuss word processing
printers, computer line printers, office printers of various types and.
low cost printers. The types of printers include impact printers (which
use fully formed characters and dot matri x characters, ink jet printers,
thermal printers, dielectric printers and photo raphic laser printers.
The section on CRT displays will discuss refreshed and storage CT's,
vector CRT's, raster scan CRT's (television), and digital n' CPRTs. The
section on flat panel disp'avs will discuss flat CRT's, light e.-,attin-
diodes (-v's), electrolu7-..nescen- fil-,. da-splavs. ga =s discharge pla-- -.
panels, liquid crystal displays (LCD's) and electroch-roic and electr%-
phoretic (t'ID) display-.

Teletvpor: i ter 'n rinl-:rs

Teletypex,,.r ter printers 'rovide hard cop. parer ba-tsed outprut frc.. ntci,-
active comuer and word processing sW.st-.. ord processing svst(.T- -

var- frt. the highly soristicated spo cialai/'d word proc'ess2ng s vsl(--r-
(e.g., Xerox, Wang, Lexatron) to v. :ra processing packages IOr

main frame computers, minico(-rquters and microco.mputers. Er\ce-

lent reference sources indicalting the variety and cost of

various word proccsscint unais are available (Datapro, 19a,'1;



Mandell, 1980; Snyders, 1980). The prices range from S100,000
for complete word processing systems, to $4,000 for word pro-
cessing packages, to $20 for single desktop word processing
programs. Two major types of printers are available: fully
formed character printers and dot matrix characters. Fully
formed characters are similar in quality to IBM Selectric typc-
writer print. The speed of the fully formed character printers
is 40 to 60 characters per second for the Qume, Diablo and NEC
and recent IBM daisy wheel printers. The dot matrix printers
produce lower quality output but at higher speeds. Electronic
data processing printers using dot matrix output can print at
speeds of 120-600 characters per second. High speed line
printers are available which will print 900-1200 characters
per second, 400 to 600 lines per minute. High speed line prin:-
ers are primarily used for centralized computer printers.

The abn-v discussion has been focused on i£.act priniers. Other prin-er
alternatives are available using thermal, ink jet, dielectric and phcic-
graphic lasers as printing devices. Of these alternatives the laser
printer appears to offer the most promise for non-impact printers
(Iverson, 1981). Laser pri-nters are exected to capture more than half
of the market for non-inpact printers.

Following are same sDecifications for recently developed laser printers.
Hewlett Packard has developed a laser printer which prints 15 pages per 61
minute ith a cost of $108,500. Xerox has developed a laser printer
with speeds of 43 pages per minute ($91,500) and k! International has
produced a laser printer with a speed of 70 pages per minute. Dale
Kutnick indicates that, 'Bv 1983 or 1984 w'll see a lot of (laser
printer) units under $20,000. We'll even see sarne slower units (12 to
20 pages per minute) at the $10,000 to $15,000 level." (Iverson, 1980).
Since the laser printers are designed to print digitally coded computer
characters they can easily be linked up in network conficurations to provide
electronic mail functions.

The Ricoh Conrpany recently introduced an integrated system which consists
of three units: a word processor, a 30 page per minute laser printer,
and a digital image scanner and processor. Edgor Gladstone (1981) notes
that the Ricoh syz ?m provides the capability "to scan any kind of docturent
into rnemory," and transfer the document or image across high speed lines "
to a remote laser printer.

A! International has demonstrated a laser scanner printers-stemwhJch scans and P
printdoctuments at 30 pages per minute. The information is compressed
and digitized for storage on a magnetic disk. Tna Frd doS.r.cfll can
be tran-_i,,Itted at speeds as high as 1 meabit per second. At the recc-:vin,7
end the laser printer prints the docr-ent at 70 pages per minute.
Copies at several diffcrent sites can be ,made concurrently. 1Presenil',.
the fastest facsimile printer takes from 30 to 40 seconds 1t

transmit one page to a single location.

Colored hard copy output is also possible througn several alternativ.
approaches. Photo:-aphic processe. developed by Lunn Intr-Lrnents, ,zura:
instr -. rrnts, Irag_- , Resou:'ocs and Polaroid accept RCB idt -o in ut I ror. a a
screen and u.se a series of color filters to ex;xxse a photog.-raphi-'c fi
in accord wkith the color pattr-'n inforat ion from the RGB si]nal Th'
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photographic systems provide very high resolution, sharp bright
colors, and ability to produce 35 millimeter slides or 8J x 11

inch transparencies. Optronics International has produced a
laser scanner printer system in which the color image is digit-

ized, stored and produced. The system is primarily used for
aerial photography, radiographs and geophysics. Resolutions
of the color laser printer are 1000 to 2000 lines per inch with
a price tag of $65,000 to $100,000. Color laser copy systems
have also been introduced by the Xerox company. The copier
uses a laser beam to write on a photosensitive drum. The
sensitized parts of the drum pick up colored toners and then
transfer the colors to a sheet of paper or transparency film.
The color Xerox system sells for $28,000.

Cathode Ray Tube (CRT)

The cathode ray tube is the most common device for electronic
information and visual delivery. A familiar type of the cathode
ray tube is the standard television receiver or monitor. CRT's
can be divided into four major classifications for this report.

1. Raster refreshed CRT's
2. Vector CRT's
3. Storage CRT's
4. Digital Television CRT's

Raster refreshed CRT's are the common types of television
monitors and computer terminals which require continucus re-

-, freshing of the visual display to maintain a flicker free image.
Raster refreshed CRT's are generally defined by the number of
scan lines per frame (525 scan lines is the standard for NTSC
color and black and white television, 625 scan lines is the
standard for European PAL and SECAM television systems.) Low,
medium and high resolution systems are currently available
for both monochrome and color TV systems. Low resolution sys-

tems are generally classed from 200 to 500-525 scan lines.
Medium resolution systems offer 600 to 800 scan lines and high
resolution systems offer 800 to 1200 scan lines.

Vector CRT's use random vector patterns rather than a fixed
I*W horizontal scanning pattern to construct an electronic-based

visual image. Storage CRT's, as the name indicates, have a
memory device which maintains the visual image on the screen
without continuous refreshing of the screen. Excellent references

on CRT devices are Sherr (1979), Cakir, Hart and Stewart (1980);

Luxenberg and Kuehn, 1968, and Herold, 1974. Summary specifi-

cations for various CRT devices are presented in Tables 7-1,

adapted from Sherr (l979) and 7-2, from Bean (in press).

'. 9" m t b "
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Table 7-1

COM,!PARISON OF PARAMETERS FOR VARIOUS CRT DISPLAYS
(Sherr, 1979)
Luminance Bandwidth Resolution Display Size

Raster CRT
Monoc h rome

Siandard 120-300nits 4-10MHz 480 lines 20-60cm
High Resolution 120-300nits 10-30:'MHz 1000 lines 30-60cm

Color
S-andard 150-250nits 5-10M!Hz 600H 450V 50-60cm
High Resolution 150-250nits 22MHz 1200H 900V 33-48cm

Digital
Standard 300nits 10,',Hz 512x512pix. varies
High Resolution 300nits 30MHz 880x1024pix. varies

Vector CRT 300nits 15MHz- 1000 lines 40-53cm

35MHz

Storage CRT
Electrical to 150nits 30.,Hz 1400 lines varies
Directview 30nits -- 400-800 lines 50-63cm
Electrostatic 250-500nits 25,!Hz 28x3Scm

Table 7-2

SUM,.',ARY CHARACTERISTICS OF ELECTRONIC DISPLAYS
(Adapted from Bean, in press)

1 2 3 4 5 6

MAX fImUV AV E?.ASE GRAY
BRIGHTNESE BRIGHTNESS CONTRAST SCALE SIY-B-L

( . ... f I, (fl) RATIO LE VE I COLOR T Y7FE

K.1, 12 502-200 50:1 12 1ster

Ccicr 100-200 32:1 10 R,G,B Raster

10,O02 500-2000 50:1 12 G Stroke
St ra: 1000 50:1 (12) G Strokc

5 30 32:1 8 G Matrix

OfN
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Table 7-2

SUIMMARY CHARACTERISTICS OF ELECTRONIC DISPLAYS (CONTINUED)
7 8 9 10 11 12

HOW MA:Y
FLAT CHAF. PER

STORAGE PANEL RESOLUTION ELE',ENTS F (F-LL
(+PRESE!, (+yes, EL-ENTS/ PER DISPLAY SUF--:;) YAY

Dt SPLAY -AB S EN.:T) -no) INCH DISPLAY SIZEB B? ?3 Y:

CRTs
Raster - - 100 512x512, 51.x7", to 300C

1024,1024 to 32"
(40?E ,4096)

Color - - 2C 512x512 5x7, 3000

to 2E"

Vector - - 100- 512x512, 5"x7" 3000

(4096x4096)

Storage +- 80 512x512, 5" round 3000

Digisplay - - 55-80 512x512 6.4"xE.4", 1920
5 "xl 0

13 14 15
CAN DIA;R-'S, SCHE- O PEP---.TING CON"DITIONS
MATICS OR PICTORIAL BEST .BIENT BEST WORST

DISPLAY DATA BE PRESE7TS.? ILLUI.-IO" FEATU-ES? FEATU. -- S?

CRTF
Raster + yes-video ima~e - low-mid CRT's have CET's are

high relatively
Color + yes-color video - low-mid resolution, bulky., less -

image brightness, portable,
low cost, require high

Vector + yes-high resolu- color voltage,
tion have screen

curvat ure
Storage + yes

Digispla." + yes

These tables shc that the urrjinance for CRT's is generally fron 120 to 300
nits (cd/r, 2 ). The video bandvidth for standard raster CT's is fror.. 4 o 10
*Dlz while high resolution reruires a band,;.idt), of 10 to 30 ,T-z. Vector awnc
storage CRT's also require a band-,idth of 15-30 ,2iz. Hioier handidths rc
noedcul for f, tcr chnrctor ani Fc r.nin of infon-iation. Th c resolution c
standard C7RT's is betveen 430 and 600 lines Mhl1e h:t resolution C7T s'..tcr-

'6$
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range frcm 900 to 1000 lines. B1,,.:n notes t.hu: d ]-a. 1sf 4,* x 40C9"
pixels are possible. Contrast ratios for aRl{s "re fr.v. 32 to I to 30
to 1. Bet-uen three and four thousari c~ixc--trs ,,re ,.Le 1-r fr,-e
on s,-ve CRT displays.

A review of recent electronic journals .violdt- he fo2owrg Table 7-3
of high resolution capabilities.

TaIle 7-3

C.,RISODX OF HSOi. FE. DLL'-TI .4- ir,, . C" 1.- I ITIES

C ..pan:,- Pix Is

AYdin 1024 x 1024
Cor-ac 1230 x 1 024

nisco
Hitachi 1280 x 960
DEC 1024 x 1024
Lexidata 1280 x 1024
.azetek 1024 x 1024
Maget ek 1280 x 12SC
mage ek 4096 x 40iK
Sanders 1024 x 1024
Tektronix 4096 x 3120
Hewlett Packard 1000 x 1000
Ch-ro.rra- ics 512 x 512
Rantek 1024 x 1024
Chronatics 1024 x 1024
Amperex 150C, scan ]- nes

Classification of CRT Terminals

CRT devices can also be classified in terms of the processing
and graphic capabilities of the CRT. This section will followk
the classification of non-intelligent terminals, smart terminals,
intelligent terminals, stand alone systems, and graphic term-
inals. The capabilities of each terminal are discussed by
Warren (1960;. Non-intelligEnt terminals are serial input CR l' -

or teletypewriter replacements. The terrinals include a ,kc.-
board and CRT screen but no microprocessors or local mmorv m-
provided. Smart terminals providc vendor rather than user
prograrnability, eJiting and screen function keys, small loca.
memory, and costs oi between $400 and S3,000. Intelligent
terminals include CPIU's from 8 bits to 32 batsz , user progra-.-
inability, sophisticated operating system., and high le'e
language capability, larger loeal mt.rory u, to t Oh ) s 0. -

more, supporting peripherals kitho(u: rel iance on the. host c( :-
puter, and prices from $1,000 to sev.ral thousand dollars.
Stand alone syst ms pr(,vi (, all cI th( caabilitles of int l

-

aige,' terrin;ls but hnay': stin:-! a ,.i r, rc5 ; t, r
and input devi'ce-s in adtl iot, to t:_x:. d]i-t:
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Television Standards

This section discusses the three current worldwide standards for
television system.. Following sect ions discuss future technological
develoorx.nts in dicital television and high definition (resolution) tele-
vision.

Three mjor worldkide standards are enployed in television systcems. The U.S.

follows the National Television System Comittee Standard of 525 scan lines,
2:1 interlace ratio with 30Hz per visual fra.zc- and 60Hz for eazh visual

field (half a frame). A composite video signal is employed to code
for the luzinance (brightness) component and the chrominance
(color hue and saturation) component. The luminance component
is forned ov specified proportions of the red (R), zreen (G;,
and blue (B) signals. The chrominance component uses a set of
color differences (R-Y, C-Y, and B-Y where Y is the luminance
component calculated above).

The Phase Alternation Line (PAL) system used in the United Kingdcm,

Europe and Brazil employs 625 scan line, 2:1 interlace ratio with
50Hz per frame. The phase of the color signal R-Y, is reversed
180 degrees on alternating lines, leading to the name phase
alternation line system. The SECAM system is used by France and
Russia. The SECAM is a 625 scan line system 2:1 interlace ratiu
50hz per field.

Table 7-4 presents the major comparison information for these
three television systems.

Table 7-4

0YiPARIS0N OF TELEVISION SI(GAL STANDAPDS

NTSE PAL SEC.AM'

Field Rate 60 50 50

7V Lines 525 625 625

Video Band- 4.2 5.0-5.5 6.0
width (.Jiz)

Sound Band- 4.5 5.0-5.6 6.5

width ( --iz

Interlace 2 2 2:] 2:2
Pat ic.

This table highlights that standard television svstcT%: have 525 or 62f

Ican :ne.- and rquire a video, bandidth of 4 to 6!,L for tran.-.rr.Ssior.
and r'o tion. For addiional inforldion on television specification-
the rcad.r is referred t, the fol]o,,ing referenc~s: Pritc)vard Ln !
1980; Fink, 1955; iierbstreit and Pouliquen, 1967; and Roiz(n, IHiT.
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Digit al Tel ivi.:4ion

Standctrd television sigmals are electronic signals coding for a real visual
scene. Digital television conv-rts the analog signals to digital signals

-- " - at the television cxnera level. The digital signals are processed at the
television transirdssion station. Digital signals are rece-ived at the receiver

- or mnitor and converted frcn digital to analog signals for viewing of the
viSual scene.

Digital TV has several najor advantages. The digital signal is rach mre
robust than the analog signal. Digital signals can be recorded and rerc--
corded multiple trrmes and still retain their full character quality. Dgita
sii-nals offer the possibilitv of worldwkide sta-ndardiation of televsinn
standards, digital signals provide for higher resolution levels
at camera, transmission, and receiving units, and digital TV

p.-ovides e czs y li L of 1i1h i r =-e sc r e-n cis avS.

Digital TV Cr, nents

Recent developments in television electronics have provided for the use
of c.plete digital syste -. s for television trans..ission and reception.
Nuk:rous digital TY car-eras have been developed (Nagn, Asaida and Ochi,
1980; Miaji, Morita and Nishizawa, 19S0). Digital
video recorders have been developed (!,k-rizorido. Yoshida and Hoshimoto.
1980; Dierrnmn, 1978: Baldwin., 1978, Nasse, 1980; Yokayam, Nakagawa and
Kala..ra, 1980, Moore, 1978; Raigner and Patleff, 1979). Digital to analog
converters are available (Kester. 1979: Nasataka. Harada, Uehara, 1979:
- cklen, 1980 and Webster, 1980). Digital television coding and trans , ss:on
systE-.s have been develolx ed (Brown, O'Brien, Sawchub, Storey and Marsh.
1980- Connor, 1980: Ishiguro, Tomzawa and Mane, 1980: Raigner and Ratleff.
1979; Bu,.kies,and Wade. 1980: Forster and Sochor, 1980). Digitdl trans .Asskon
using fiber optics has been deonszrated (Goldherg, Jachnowyeg and Rossi.
1979: ane- , 1980: Rozien. 1980: Connor, 1980: Potter, 1980: and Proceedinz-
of I=, 1980). Digital television systris have been discussed and dtonstrated
(Sherr, 1979: Anderson, 1979; Anderson, 1980; Ishiguro, Tomozaw and Mune,
1980; Limb and Bowen, 1980; Raigner and Ratleff, 1980; Tbzien, 1980).
The above developents provide for all-digital TV irplerent ation within

the next 5-10 years.. Major TV broadcasting studios will steadily convert
their analog equidprFnt to digital equipm.ent. In the interL, period the studics

ill be using a ccI'nation of analog and digital equiprent.

Digital T' Requirerents

Digital TV requires higher bandwidth and'bit transmission rates

than standard analog TV systems. See Table 7-5.
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Table 7- 5

LINE AND RBANDIWIDTH STANDARDS

f- Line Rate 525 951 1225 1351 1601

Bandwidth
NTSC Kiz 4.2 15 20 28 40
PAL N _Iz 5.5 22 30 42 60

Isozaki (1978) indicates need for 30M.Hz fora 1600 line system. Bur h rd
and .... (19SO) indicate 22:,Siz for 3-L%')it."s digital tran..ission rate.
rink (19SC) a, b. c, re&_romends 25 MLz bandwidth for digital T' systez.-s;

Jf the future with 1100 scan line rate. Forster and Sochor (1980) reccx.-
rr--nd 50:-z, for digital recording systens at 80.tbis 'second recording rates. 2
All references above indicate the need for increases in the standard
television bandidth spectrurm. As the extected line rate increases so
does the necessary bandwidth. Bandwidths of 15 to 30 M[Hz are needed for
television scan line resolutions of 900 to 1225 scan lines. Bandwidths
of 20 to 60.21z are necessary for line rates of 1350 t.o 1600 lines.

Trann; -ission and recording bit rates need to be increased for digital
television. Tran.Assion bit rates of 80 to 114_N bits/second are needed
for full digital transr.ission (Burkhardt and Wasser. 1980, Connor, 1980.
Ragner and Patleff, 1980, Forester and Sochor, 1980).

Digital recording bit rates of 80 to 160 :bits,"second are needed for full
digital recording depending on the tape size and speed (Nasse, 1980: Burkhaird-
and Wasser, 1980; Yokoyama, Nakagawa and Kala)ma, 1980). Bit rate reduction
scha es can be used to lower the overall digital tran-snission and record:nz
rates. Interframe coding schemes can reduce the required bit rate to one-
third of the full bit rate (20-35:,fmits/sec.) (Lint and Bowen, 1980: Nasst.
1980 Ishiguro. Tcrrozawa and mune, 1980; Raigner and Ratleff, 1979). Paciurc
Description Instructions can greatly reduce the tranmTission raLe (Bro:L.
O'Brien,Sawchuk, Storey. and March, 1980).

Hi-h Definition Television

The Society of N otion Picture and Television Engineers (S.,VqT) has fornned
an ongo:ng study group to outline the potential technologies for high
definition television. The following are the major reccrm--ndaTions frcx:
the grout, of 14 major TV engineers headed by Donald G. Fink who played ai-
imortant role in the two NTrSC coaTittees which develoned the 1.S. telixii-ior.
standards. LDnald Fink provides the follo ing mjior recormfndations. (Fink, I9 C,

1. The approximate line rate for High Definition TV (HLTV,

is 1100 lines per framc, with 1500 lines per frar- as

a future oboectiVE.

2. The frame rate slhould be 30 per second. interlaced two to
on.- for all applications, except the production of motion
picture release print,. for tikich the rate should be 24 por
se< ,n~ without interlacing ( scanning). "itt.
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standards conversion to interlaced scanning intrcduced
for direct observation during production.

3. The aspect ratio should be )ot less than 5:3 and preferably
2:1.

4. The technique of employing a chrminance subcarrier located
within the lninance band should not be used.

5. Separate trannission or Time division multiplexing should be
used for the transz.ission of chrcr_nance infoxration.

6. Mhe lu=.in6nce handAidth (for an 1100 line-pcr-fr.e raster)
should be approx".-tely 25.-z, the precise value dc-nJng
on the asy*-ct ratio and ho'rizontal retrace tiri .

"C,e of the rrjor pre..ises of the stud,: was that any }DI-'" r.=ist be capa: .
after suitable standards conversion, of being received on chrstic color
television receivers of current design (i.e.. those ser-,ed by NTSC, PAL.
or SEC.MN, trans-issions) and that the quality of reception must not be
inferior to that inherent in the design of the receivers. Also a large
screen, wide asp.ect ratio (5:3 or 2:1) was needed. A hcre screen display

x Lmn (80 inches x 40 inches) is a typical objective", (Fink, 1980.

Present HDTV systems may require higher line rate and higher

lun:Inance and chrominance bandvidth than the NTSC standards. Tie
aspect ratio must be higher than the NTSC standard of 4:3 and
the viewing distance needs to be less (2.5 times picture heigh,)

than the corresponding NTSC value (about four or five times th
picture height). Most importantiy, the method ol cnrominance
multiplexina r-rs: imethnd_ d,-fferert fran,, and havig creater

. - effective bandwidth than, those of the NTSC system. Standard

conversion from HDTV to NTSC, PAL, and SECA!,: systems is
possible.

Teletext and ViFAwdata

Teletext and Viewdata are electronic co nication m-thods wterebv text and
graphics are either broadcas:-t inusedtelevision scan lines (Teletext) or arc

transmitted over telephone 'ines usinc modern connections (Viewdta
(J. Jackson. l980:Clarkc ,1980. Crother. 19S.P Cha;.-bers, 1980; Hedcer.
Rag.ett and Worburton, 1980. Brcy.xn O'Brien. Sauchuk, Storey and March.
1980:Clarke ,1980). The Teletext s,-tet. di-itzes raaz=nes trouzn
television scan lines. The scan lines usc-a are outside the picture, ar,:.
and remain unsceen by the viewer. With a srecial teletext decoder tht, dt-
tized pages can be converted to analog signas and displayed on the- tei,'-,:
rece2ver. The magazines are broadcast in cont nuous fashion and can b
mrodified. undated and rebroadcast at the televison station. Tn r-
subscrib:n to a teletext s.oster. could have ready access to up to 8 i. -.
dent maz:iz-ne of u,. to 320.000 e!( text pa .es of 24 1 an,.s of 40 ,:hr'- :-
of inf,rrn;aion. Four pa, -s, of teletext can b. tranr.:tted each s,-:.
Although the capahilities- art- ver' high asz no ted abx t, , . r v : ..
of teletxt will consist of 10, paces and rc'.ires 24 s, i,,nds for c
cximlete cycle fror. page I to p-c 100. Using the dcoder the vi c. C
ai -, reqiuest cont in'uJu acces- to .!c..fied s:L',s or I, ICs. (,f 1! '

(e.g. continuous record of U.S. st,ck excLf-iY oricoe- . t :



presented in up to seven different colors. Simplified graphics
capabilities are provided through a 2x3 dot matrix for each char-
acter. This provides an 80 x 72 pixel grid for graphics, diaprams,
bar charts and maps. The teletext decoders require four LSI
circuits and two memory chips.

Viewdata is similar to Teletext except that it is transferred over
t-.O telephone lines and it is interactive. Viewdata provides a much

wider access to database information and more user options for
selection of information. Using Viewdata the viewer transmits
a request for information to a central computer or data base.
The request signals are sent at 75 bits/second over telephone
lines using modems. The viewer keys in the requested page(s) of
information and the page(s) is sent to the receiver at 1200 bits
second. Using Viewdata a full page of 960 characters is trans-
mitted in eight seconds. Interactive work with the computer can
be either through the use of tree structured menus or full kev-
board selection of information topics. With the use of voice
recognition systems available in the near future, the request
for viewdata could be made in English. Viewdata can be used for
information search and retrieval, computer-assisted learning,
vocational training, self assessment programs, interactive educa-
tional programs, learning games and simulations and for data
base management and reporting. Hedger, Raggett and Worbuton,
(1980) discuss the potential capabilities of value added tele-
text for the distribution of interactive computer programs and
educational programs using the various software. The Teletext or
Viewdata receivers will likely become standard equipment on nc-k
television receivers.

Future Advancesin Teletext and Viewdata

Philips Research Laboratories have made experimental Viewdata
K terminals that store up to four pages in RAM memory, and a cas-

sette recorder that will store up to 300 Teletext pages on a C-
minute audio cassette (Jackson, 1980). Philips is also increasing
the character grid for Teletext and Viewdata systems to 240 x 24'?,
pixels. The Tehidon system used in Canada also provides for 24C
x 320 pixels plus color and grey scale levels for each page
(Jackson, 1980; Brown, O'Brien, Sawihuk, Storey and Marsh, 1980).

Following is a list of the major international organizations
which are developing standaras for videotext systems:

European Broadcasting Union
European Economic Community
International Telephone and Telegraph
international Radio Consultative Committec
European Computer Manufacturers Association
European Posts and Telecoms Administratior.
International Standards Organizat on
International Electronic Cohm.iS-ion

Teletex-t and Vie-'data are developing dynamnicaly rte-finalle ciracier s-t-I
(DR() (Lat-ert, Brsq;".,'rt- and Poign',t, 1980) and picture codan-, :ruc' c:.>
(Bro.k, O'Brien Sawchak. Store and 1Krsh. ,9in ;ich will providc for r.-
creased rrarhic capability and incrc:itd re -ution of Teltijxt anc! ,
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" Ishigaki. O'lda, HashLroto and Ishikaw (1980) discuss several possible

impric-nts in telkvision ksign for better teletext rocc-pt ]on.

Picture in a Picture TV'

Iultipicture TV sets and adjustable screen size TV's have been develo'u-d.
Toshiba has developed a MultiWide system which provides for the display of
one to four pictures at the same time. Sharp has developed a
Multivision screen that permits simultaneous display of t'c, to
nine pictures. See Figure 7-1. Sanyo has developed an adiu iaLl(-
screen size television that permits three adjustments of scr-er,
size. Hewlett Packard has prepared a four window classificat.cr i(cr
data disi-lay terIIixais. This system provides for division o th,-
display r.emory and display screen into four indpenden-. uindciC.
work area spaces.

I 7 ' e - - - -X -9

-- -.-=-- m" •F" ure 7-1

%Iuhti,,on tWe~ision se t (Sharp
" Corp-,

• Hi.tachi has developed a fully digitalized color picture within a picture-
teve sio,, svstf-. presented in Fig-are 7-2.

z(.

-. l. - F . Figure 7-

Acrjrc- Pt,: .. e T V (H tachi

For additionak info:rr :on on ui-ict.- ' disp4avs se-,.cia. Kurcv::.

Imalde. and Nabea.,a (1979), &urkharcji ana Vasser LI9o), afn-

AlIrich and Hegendorfer (1977k.
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Flat Panel Devices

In the past dccade there hs been considerable research and develoo-
ment %ork on solid state flat panel electronic displays. The flat panel
displays offer Tr-aller size, mre ruqgcIncss, lwer power consulrz-
tion and as high or higher resolution than previous CRT electronic

. . displays. Costs of the flat panel devices are also droppin; anc
will continue to do so for several years. This chapter will out-
line the various flat panel technologies and the general comparative
findings across flat panel devices.

The mjor types of flat panel devices include flat CRT's (Digisplay), light
Emitting dindes (LED's), electroluminescent (EL) displays, gas discharge
pla .- panels, liquid crystal (LC) displays, electolytic liauids, electro-

chromic displays, and electropharetic (EPID) displays. Excellent
references for fiatpanel technologies are Sherr (1979) and Snyder (lF'0

Fla: panel CRT's car replicate regular CRT displav:s but are only 5-7 cm in
depth as constrasted with regular CR7 depth.

LighL e.itting diodes are used as &all alphanzmeric display devices for
hand calculators. watches, and electronic displays. LED's are conr -rciall"
available in four colors: red, orange, yellow and green. Sherr (1979) and
Snyder (1980) note that LED's are useful for single and multiple alphantneric
displays but due to the high power consumption, large matrix and
large screen displays will require future technologies.

Electrol-r.inescence displays consist of a thin film, layer of zinc sulfide,
phosphors and copper (cu) or maganese (Min) activators which is placed in a
dielectric meditzr. between two electrodes carrying either AC or DC current
of 30-650 volts. The application of voltage leads to emission of light
energy which can be modulated. Matsushita Electric, Sharp Electronics
and estinghouse all have demonstrated the use of electrolurinescent devic&s
to present a mronochrome comercial T' progrwm. Electroluminescent displays
have good hminance and gray scale, size, and high elenent densities
(Snyder. 1980, Kazan, 1976). Allen (1980) notes that "of all the display
technologies competing for application in large flat panels, none

looks more promising than ac thin film electroluminescent tech-

nology." Elliot Schlam (1980), notes that ac thin film electro-
luminescent film shows the greatest promise for meeting the

Army."s tactical display requirements.

"Ther the pa-Ft 12 years, we've evaluated LED. LCD. Dlasrapanel, electrochrc.-ic,
electrooh~ore:c T and CR7 displays, and e-idence points to the conclusion that

thin-f iL- technology ha.- the best future potenT ial for the preponderance c f
our miiar- Dane: obect7ves of highly mobile ruz -ed displays.-

Pla.-.a rr g .- discharge displays are based on the same chcrical principles.- a-
the NiXIe nui-ric indicator or neon aghts an d signs. Plasma y.n _ I nv¢_

a gas fillei area throh which an electrical field can be applied. Thn
electrical field causes the rr)vc.,nt of electrons from. a high energ-y ]evt-
to a Io;, eneri;-. level. V,hen sufficient nutier of atos have lost at Ieat
one- ele:tror, the ga:- ionizes arid r.iJts light. Plas.-na panels can Le use-d f r
larm- scre.n hi , rsolu~ ion ,.nd TV video display devices.
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The liquid crystal display is fo=,,?d by .san.wi ching a liquid crytal ,,. :,,:e
between transparent glass plates. The application of vol':e caus-s the
realigent and rwve-,int of the liquid crystal m,,AeculOS wiich rrrlulale.
the light reflected from. the liquid crystal substance. Ir displays are
videly used in wtches and calculators.

New LCD anplications include displays for rnirine ap!ications, point-
of-sale teirrinals, word processors, hand-held lirht mtt:ers for -hocro:,..
digital pmnel reters, ana medcal nti-u.-ntation. Ixr ,ng on the h.:r:,,
are autcc' ive. avionic, ana agrionic (tractors. far. -r. . an so
on) anp!icaions, Ahic.h several LCD manufactiurers are wrk:ng on p-netra:.-
(Allen, 19S0,
The IC disoiav hs a ver- low power reo " n w-. ch com a e

. .. " re u. . -... _ v .. ::'J l , :.. th..:

lo; po; er 'XS (re-- a c:-:iesT.iconductor) tec;n,,og~c so tha- d-vc.is ha.
I" displays could ofrate for extr.-ly long periods on batteries.

The electrophorectic d'so-av is based on the principle of electrophoresis:
the rove-.ent of charged particles in a liquid base as the result of the
application of electrical field. The charged particles are of a different
color and densitv than the surrounding liquid. Thus the electrophoretic . v.-
ment of the charzed particles to the display surface causes the obserer
to see the particles. Wh:en the field is reversed, the particles migrate
" away from, the displav sirface and only the limuid can be seen. Electr;Th'r.-tic

principles in displays was initiated by Ota. Ohnishi and Yoshi)vana (1973).

EPID's have been fabricated in sizes of 300 x 150r. with pixel density o'
5 elPenis,,r, and with color cnom'inations of black 'white. blue,Ahite. blac.
yellow and redvyellow (Snyder, 1980). Lewis (1976) indicates that EPID
devices may retain an .maze for several mnths after the electrical field
is re-moved. Snyder (1980) notes that becauae of the slc,', response sF-oci
E'T's will likely no: be applicable for dynamic graphics and television
displays.
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COST,'BENEFITS ANALYSIS

This chapter presents the method for estimating costs, then
for each system type presents a full feature configuration
with options. In most cases one or more lower cost configurations
are also presented and the tradeoffs are presented qualitatively.

The costs presented here are very rough, and are intended on!
to Provide dscussion points. The ACTO Data Base Correlation
study will use these figures and the rec-views of them to dcveor
more definitive projections.

Cost Methodology.

The following steps were necessary to cost the system types:

1. identification of essential system comronents. This step
was necessary because over the forecasting horizon the cost of
each component will behave differently. Certain components are
mature products and will remain constant in price or experience
only moderate price decreases in real dollars. Other products
are in the "take-off" stage and will experience sharp price
decreases.

2. Determination of present shipments and estimated future
shipments of each component. 1,Most of these figures are estimates
by industry experts and market research bodies (e.g., Data Pro..
This is the primary factor in determining the magnitude of
the cost decreases.

3. Position comnonents on life cycle curve. This is a
qualitative procedure that aids in the assessment of costs.

Generally, as cumulative shipments double, the price falls
20 to 30 percent.

4. Determination of current costs. This was accomplished by:
obtaining price lists from manufacturers and distributors and
intervieving marketing and engineering personnel. Since most
sales transactions involve substantially fewer auaniities than
Army transactions, estimates were made of costs in terms of
5000 quantity transactions. Table 8-1 presents this data.

5. Determir.ation of oiotimrstic and Pes! ijmistic cost proiection.-
Steps 2 and 3 led to a determina:ion of estimates of the crc:
decrease in cost per year for each comnnnnt4 . Sometlimes t,C
estimates of cost decr.ase.s ere determined to indicate a
probable range within which the truc value would be expected
to fall. One estimate represents a pessimistic or small or-
centage decrease in cost per year; the second est iriat •

renresents an optjin st ic or large percentage decra..
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These percentages wcre applied to the current cost estimates
in step 4 to project expected or pessimistic and optimistic
future costs for 1985. If a component h.d exhibited relatively
stable price decreases historical',, then only one "expected"

O value was projected. In these cases this value was used as
the expected future cost. In other cases, averages or the
optimistic or pessimistic figure was selected depending upon
the judgement of industry experts. Table 8-1 presents this
information.

These component costs were simply added together as they were
configured into a system type. This figure was then adjusted
up 20 p-rcent to account for integra:ion, checkout, delivery,
etc.

Presentation of Comonent Costs

The current and projected component costs are presented in
Table S-1. The first column lists the estimated current costs
for quantity 5000. The last column lists the equivalent future
costs. The column entitled "Other" contains percent decreases
per year of those components that are expected to have cost
decreases other than the 1-25', range. The costs corresponding
to these percent decrease per year are found in the last column.
The other columns contain cost estimates associated with each
percent decrease per year value.

Each row will have one or two elements in addition to the firs-
and last column elements. If only one element is filled in, its
value represents the expected future cost of that component. If
two values appear, they represent pessimistic and optimistic cost
projections. The pessimistic projection always appears to the
left of the optimistic projection. As mentioned earlier, thE
projected cost may be one of the values entered on that rou or
an average of the values. The projected prices are 1981 dollars.
They would have to be adjusted for general inflation.

Assumrtions of Projected Component Costs

The follo%ing pages contain an economic and market description

of a few of the major components for which cozmcrcia information
is available. These descriptions form the basis of the assumplons

made explicit in the component cost table.

anc~P a be'pa. o boarac and <.y0ads arc ma ur E
pred- its. iCio ans I keSyboards and kc',r&ds hav( been
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manufactured and millions more will be produced over the next
several years. Since keyboards and keypads contain many
mechanical parts, their price is expected to decrease only

O" moderately over the next few years.

There are many different styles and sizes of keypads. A

typical keypad has 12 to 16 keys and costs as little as
17 dollars.

Keyboards are more standardized than keypads and typically
resemble the standard typewriter keyboard. Keeyboards can
be purchase in large quantities for less than one hundred
dollars.

Touch-uanels. In contrast, touch panels represent a
Irelatively new product. As new applications are discov,,ered

the quantity of touch panels produced will increase manyfold.
Since touch panels are primarily electronic, their cost is
expected to decrease substantially by 1985.

Speech input. These devices vary widely in quality and cost.

We feel that only the best of the current speaker dependent,
isolated or connected word technology is sufficiently accurate
for widespread use in the Army. Price of this type of high
quality system is currently about S8000, but can be expected
to fall rapidly by 1985.

Graphics tablets. There is unanimous support among experts
contacted for the appropriateness of the data tablet for
transferring linedrawings into digital format. One expert
said this manual transfer is not cost effective, and recommends
a solid state camera manufactured by Data Copy of Palo Alto.
This expert claims that data tablets are so labor intensive
that one client does all their digitizing in India because
of cheap labor costs.

Data tablets are made by Summagraphics, HP, GTCO, and other

manufacturers. They come with different sizes, resolution,
and features. Most display system houses will sell the tablet
as an option for about S2,000. The interfacing may be standard
or may reouire a board that costs another $1,500 to $4,000.
(Some interface boards are equipped with their own microprocessors

and handle four or more input devices.) GTCO will sell a
tablet for $600 OE",.

Most tablets come standard with a siylus. Some come with ink,
some without. Some styli have up to IC buttons. For abou.
$200, a "puck is available with cross h-irs and up to IC k y-.
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Jovsticks and trackballs. Some users recomjnm-nd that the tablets
should be used with joysticks and some say definitely not.
Joysticks cost up to an additional $1000, but have less inter-

t . facing requirer nts than data tablets. Jovsticks are used
primarily for -Jentifying points on a matrix and for rotating,
panning, and cursor control.

None of the industry experts questioned recommended a trackball.
Some houses offer trackballs as options. Most experts said
trackballs were not very popular. High quality trackballs cost
between S500 and $1,500. Trackballs are used for continuous
tracking applications (e.g., air traffic control or radar).

Use of light pens was discouraged by industry experts consulted.
Where used currently, the use is primarily for menu selection.

Some houses offer a special function keypad, and some offer
special function keys on their keyboard, which are user
definable.

Mouse input devices. A mouse is rolled over a flat surface,
and senses position by noting the revolution of its wheels.
If it is picked up, it loses its place. Thus it tracks relative
position, rather than absolute position as on a data tablet. The
mouse can thus be relatively inexpensive. Since it is largely
a mechanical device, its price is not expected to fall by much
in the future.

Valuators. A valuator is a device like a "game paddle" or
rheostat on a personal computer. As a knob is twisted the
valuator sends corresponding signals to the computer. This
device is quite simple, in high volume production, and larg ly
mechanical. It is thus relatively inexpensive and stable in
price.

Processing Devices

The computer industrv and processors. The computer industry
is fast becoming the world's largest industry. With industr:,
revenues around S50 billion, it has nearly doubled since 1975.

The industry is characterized by innovation and technological
changes. As component prices decrease, more and more appli-
cations become economically feasiblc.

One of the fastest grow %ing sectors of the industry is the sinai"
computer business svstem. Thc technology is changing so ias t:
that it is hard to define a small" syster,.. A small businos-
system impl]ies that most of the processing takes place on a
thin board about the size of a no:epad. Most of the system-
have a 16 bit Processor, metal oxid semiconductor (MOS'
random access mremory (RA,; , flopp: or Winchester disks, a
serial or line printer, and at least one terminal. An econo.ac

I-

I,
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overview of the small business system is appropriate for this
project because the present-tion features take advantage of

d0 small computer system processing and storage technology.

In 1980 approximately 60,000 small business systems %ere shi,.ep
at an average value of $60,000. This volume is expected to reicr

" 500,000 units by 1985 and 3,000,000 units at the close of the 0cai.-

The average cost per system is expected to drop to $25,000 by IC',
and $15,000 by 1990. This do, nvard sloping cost trend is a nec,-
condition for the desirable features to be economicail "easiblt.

A detai'ed analysis reauires that we break the sy-sem :nto ia

con-oOnent part-s:

-- CPU and 1/0 drivers
-- Peripherals
-- Software

-- Storage

At the present time a 16 bit Motorola 68000 CPU chip is priced
at S200. If this is assembled onto a CPU board with a 6809 procea-
sor. memory management, serial I/O ports, parallel ports, flopr7
disk interface, and a EA'.! card,the cost rises to about $l.500.
This chip uses 32 bit wvord.s. 16 bit data paths and 24 bit addrEsscs.

In Feebruary 1961, Intel Corr. detailed some specifications
of the initial comnonents of its 32 bit microprocessor family.
The three chip set which is called a micro-mainframe uses 32 bit
words, data paths, and registers and is expected to be priced at
less than S1,500. Intel's 432'00 single board co.-uter which
incorporates a two chir set sells for about S2,500. The packa,-.
does not include the interface processor chip.

The present Si .000-$1,500 cost differential between the 16 ar.d
32 bit processors is expected to diminish over the nexi five vear.

In terms of the processing component of Electrr.ic Delivery , ... .
there are three basic components: (1) the micr,'e-ess -
(2) the surrounding components which provide a \xe k.n r g env] - ' "
(i.e.. interfacing. ports, fan, pov.er supply. ( 1. and ".
as sembl labor.

Over the next several years, mllions of chi.. will be :rduce.J
As a result, the computinz power will multiply as the ct f::.
to a fraction of present f gures.

The surrmcund ng comT,,- arr, ex.rect ed t(o dc Crea.Ie I:, cc, ,.
the n(-xt V,,era] year- 11, nt a- dlra-.:. cal 1v a- t he ch: ci'.
Thi s 2 b(,cause the.t n. *., I ar(, r:,. m(-chasn cal in n "1
thr. the 'r, i c .' .. r.'s

i, C nt ra :. . t! " ]t In' ,i '" (-',,.r, t,' ,  sh cu I (I r(,,-; r. ailh- ; cr a n . .
r( a] tr..- ove th (, - r' "ai .; ;",- Sre ]81,,' cc:s s ','fl.>
Ma'. rc u] frr , ', t r I .. ara Te s",2>-, iC'2A c',>:. " 2C
t; V(u 2*,'a n d d
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Random access memory (RAM). Internal memory represents a
fairly substantial cost component of the configuration. RA.
is still experiencing some innovation as more densely packed
chips are replacing older chips. The 16K bit chips (which
displaced the 4K bit chips) have decreased from $9.00 to $2.50
per K bit in the last two years. The new 64K bit chips are
expected to be cost competitive on a per byte basis by early
1983. Table 8-2 illustrates the tremendous growth of 16K
RAM devices.

Table 8-2

NULBER OF I6-K RAIM DEVICES SHIPPED

1975 Less than 1,000
1976 Less than 100,000
1977 1.8 million
1978 20 million
1979 60 million

Printers and Modems

Some devices are usually available from a central facility
but are not required by every terminal. Printers and modems
fit this category. While there are many types of printers,
the applications envisioned here would make use of only two
basic types: a dot matrix, in-house quality printer of aboui
200 characters per second capacity, and a letter quality
printer for word processing which would run at about 55
characters per second. A number of innovations are taking
place in this field and quantities are increasing. Therefore
price reductions of 10 to 15 percent per year can be expected
in printers.

It is anticipated that until data networks become more widespread
(after 1985) the primary means of realtime data transfer
between Army training centers will be via voice grade telephone
with modems. The upper limit for reliable comzmunication by
voice grade phone is about 1200 Baud (roughly 120 characters
per second). Modems are almost entirely electronic, and
their prices are falling rapidly. We expect integrated chip
circuits to be widely available for modems by 1985, and
therefore project quite low prices.

Long Term M ....

Winchester Disks. High density hard magnetic disks based o-.
Winchester technology are becoming very popular. Today a
high volume purchase of 30 mbyte Winchester disks with
controllers might cost 5]600 pc-r unit. Another $1600 iould



need to be added for the tape backup with controller, and
another $200 would be required for the cabin._t. Moderate
price decreases of 5-10 percent can be expected for the
disk and tape as volume increases. No decreases are expected
in the cabinet.

A 10 mbvte Winchester with tape and controllers should be
available in a small package for approximately $2300 in
large quantities. This price can be expected to fall by
about 15 percent per year.

Data cards. Data cards (ID cards), which arc similar to
current credit cards with magnetic stripes, are grinng in
information density. Ontical formats are being rrototvred
as well as magnetic formats. Simple reader writers for thesc
high capacity cards are still in the prototype stagc, but it

4 has been estimated that in high volume their current price
would be approximately $145, and that a 15, annual deCre, se

* can be expected through 1985.

*Flor,, disks. Floppy disks are growing in density of packing,
and prices for the same storage capacity are falling. Moreover,

very large scale integrated chips can be used for the controllers.
Price decreases of 10 to 15 percent per year are projected
for dual sided double density floppies of approximately
2 megabyte capacitv.

*Output Devices

NTSC color TV monitors. Approximately 10 million color TV
*sets were sold in the U.S. in 1980. The sales of color TV

sets is expected to increase to approximately 13 million per
vcar in 1065. The increase is cue to both t=chnolorical adu

-- socio-econornic factors. Cable TV, video-cassette recorders,
videodisc player, video games, home computers, etc., are
all making the color TV a more popular product. By the same
token, inflation and rising fuel costs are influencing
consumers to spend their entertainment dollar on activities

* centered p.round the ho-e T".

Indus-r* experts do not anticipate major decreases in prices,
but a: best only slight decreases (2-5 percent per year . sinc(
more and more features will be incorporated into a slngle TV
set. An industrial typc- NTSC color TV mcnitor sells for S35(

in larger quantities.

Projection TV's. This is a new product that is gainin:
popularity becau,-e of the increasirng entcrtanm er time that

is spent in thE horn. Fe r than ),O0(t projection sxst.c
were sold in ]9F0. The annual ffigure is exrect -- t , surn:.-.
400,000 units in 1985. Tn: present cost of a durabli
industrial/educational system is approIimntelv 375C an
large quant it2 5. iDecr(-:,.-,. in prc(' as '* :. as In, rc ,.-: -

in oualit, arc ant cip cr : '-. ......
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NTSC monochrome monitors. Since 90 percent of American
households have at least one color TV and 10 percent have two
or more, this leaves little growth opportunity for black and
white TV's. Zenith predicts the penetration rates of color

to rise from 72 percent in 1975 to 95 percent of total U.S.

households. This trend will prevent the cost of monochrome
monitors from decreasing much over the next five years. An

industrial monochrome TV can be purchased for $200 in large
quantities. This does not include built-in text or graphic
capability.

Alohanumeric terminals. Alphanumeric CRT's are a mature
product and the rate of growth and innovation is slowing.

Shipments of U.S. manufacturers are expected to reach 775,000
units in 1985 from 510,000 units in 1980. At the end of 1980
the total installed base was estimated to be 2.2 million units.
Most alphanumeric terminals retail from S200-S4,500. The price

of a CRT is expected to decrease only slightly in real terms

over the next four years. For the applications presented here,

a combined text and graphics capability is generally preferred
over alphanumerics only. If an alphanumeric CRT is used, it
would most likely be toward the low end of the cost/feature

spectrum.

Monochrome graphic terminals. In 1980, approximately 60,000
graphic display terminals were shipped by U.S. manufacturers
worldwide. This figure is expected to approach a ouarter of

a million by 1985. For over ten years direct view storage

tube (DYSTh, a vector graphic technology, has dominated th.:

monochrome terminal market. DVST is a mature techno!ogy ann

significant advances that wil increase performance or d-r:i.
cost are not anticipated. The Tektronix 4014 DVST monitor s.

for approximately $8,000 in large quantities. it has a resolute.:.

of 1024 x 1024 lines and is monochromatic (1024 x 780 within thE

viewed area).

The storage requirements for this degree of resolution for a

raster scan system have been too costly for this technology to

compete in the market, since one bit is required for each pixE:

of resolution. Thus over 2 million bits of memory are required

to support a 1024 x 1024 display. However, recent semiconductor

advances are rendering the bit-mapped raster scan system an

economically feasible alternative. The Genisco G-1000 is a

1024 x 1024 monochrome (1024 x 792 within the viewed areal

display monitor that sells for $10,000 in quantity one. In

large quantities, the price would likely be a little more thar

half this amount.

One could expect to pay aboul S2500 for large quantities of

medium resolution monochrome terminhIs (512 x 512 or 360 x 720

A lo,.k res&2uti n moncc-romc terminal can be purcha-d Jor
several hundred d(,llars.



olr[ t inals. Innovat ions in storage ar.dl coler

printing technology have sparked the growth of color graji.-c
displays. Experts predict that the 15,000 color displays
shipped in 1979 will expand to 200,000 per year by 1983. This
growth is due in large part to the increased cost effectiven(. s
of raster scan display monitors which are easily adaptable to
color.

A 1024 x 1024 graphic display monitor with the capability to
display 16 colors is priced at $S18,000 (Chrom, :ics CGC7900
Model 11). The price drops to $3,000 - $6,000 for mc-diur
resolution 8 color monitors (4S0 x 3S4 - 640 x 4S0). A lob.
resolution color monitor (160 x 192) ranges in cost from
several hundred to several thousand dollars.

Flat panels. Flat panels which display more than 20C
characters at one time represent a very new product. At the
present time, none of the flat panel technologies are cost
competitive with CRT's for the typical desk-top applications.
Howkever, the space and visual advantages of flat panel
displays are inducing manufacturers to develop cost competitive
flat panel alternatives to the CR7. The current cost of a
512 x 512 flat panel display is approximately S4,500. The
militarized version that is in compliance with military
specifications can be purchased for $10,000. The Interstate
Electronics PD3000 plasma display flat panel conforms to
the following military specifications: MIL-STD-461, MIL-STL-S:0C,
and MIL-E-5400K.

NTSC videodisc players. There are many competing formats of
videodisc players. For the applications presented here, the
player must be able to refresh a single frame (e.g., of text
and graphics) indefinitely and must include a microprocessor.
Because of the heavy use expected, a con'iercial/industrial
player is required. Currently, such players using laser
optics are priced at about $1600 in large quantities. As
cumulative experience increases, the price can be expected
to fall 10 To 20 percent per year on the average.

Videodisc interface. In order for the videodisc to be
controlled by a computer, a hardware interface is needed.
Some videodisc players include this as a standard item, whiJ'
for others it is an option. As an option the cost today is
under $200. SincE this is electronic, the cost will likely
fall to about $I00.

NTSC text i'rauhics zenr-rator and mixer. In order to plac(
text and graphics or. the TV screen, a generaltor is necessar'.
This sxstem may include a video mixer which comtin(,s amag:-.
from the videodisc witn computer genc rated text and granh':>.

This permits ovverlays for generative items, to echo th
student's response, and to correct errors. Th I exas
Instruments T19918 chip is an nexpens~ve r..ans to pt-rforn:
thocc functions todav. Ir, a nr cnvlr:.* tt r nL n%:
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associated circuitry, the system would be priced at approxirately
S385 in large quantities. This price can be expected to fall
about 10 to 20 percent per year if demand increases.

Voice output. Many kinds of voice output are available,
ranging from relatively low quality for under $50 to extremely
high fidelity digital recording systems for tens of thousands
of dollars. The system which most closely fits the needs of
Army technical training, where revision rates are very high,
is likely to be a fairly straightforward analog to digital
conversion (e.g., pulse code modulation or adaptive delta
modulation). Other systems using, for example, linear
predictive coding yield lowver costs, generally lower fidelity,
and greater difficulty in making the initial encoding of
voice. A telephone quality random access pulse code modula-
tion (PC.W', voice output system would cost approximately $1500
in large quantities today. Integrated circuits could be used
to bring this cost down to approximately $650 by 1985 if the
cumulative experience and sales burgeon as expected.

Production Devices

Studio quality text/graphics generator. In order to prepare
high quality text and graphics directly for video, a studio
quality system is needed which offers multiple fonts, color,
shading, and spacing. Only one such system is needed for
each major authoring shop. The best of these systems in
quantity one cost from $60,000 to $70,000 today. Small to
moderate prices decreases are expected, given the very small
volume for these systems.

Three-auarter inch videotape editing eouipment. Each authoring
group needs a videotape player, and preferably a limited

editing system in order to review tapes during the authoring
and production steps. Only one videotape editing system is
needed for each authoring group. A simple system currently
is priced at about $4300, with slight decreases possible
over the next four years.

Militarized Comr.onents

The term "militarized' is ill-defined. Separate specifications
exist for vibration, temperature, salt spray, and many other
factors. What is intended here is ruggedness for use in forvtrd
areas, but in somewhat protected maintenance situations.
Depending on the specifications to be met, militarized
equipment may cost two to 20 times as muc- as commrcia"
hardware. For our applic aions, electrontic component cost-
were for the most part doubled, though keyz:ads and kevbo:-.rd>
• kc.re increased more based on cost hislor,.

I:
*1
I

I-
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Militarized components often employ state of the art, low
volume components. An example is flat panel displays. These

dT can be expected to drop rapidly in price if the basic
technology is picked up in the industrial and consumer arenas.

Magnetic bubble memory is currently available. As noted in

the table, its cost is expected to drop about 25 percent per
year through 1985.

Hand Held Comnponents

The hand held sstem for data entry (e.g., scoring and inventory,
requires battery powered, small circuitry. Its processing and
display requirements are limited. Except for the power supply
and keypad, component prices are likely to come down rapidly
as volume increases.

Costing Assun,,t ions

.o%% that component costs have been identified, they can bt- .
with the benefits of the presentation features,and alternative
configurations can be analyzed in light of the Armv's training
reou rement s.

The five sy:stem types. which are adaptable to all of the sogn:-
analyzed in this and previous studies, are analyzed indP\-iduaal%.
First, a recommended configuration is defined for the particular

system type. Then the recommened configuration is defended bas ed

on the cost/benefit trade-offs. In addition a lower cost alteran-

tive is configured. Finally, the add-on options to the recorrendtec:
configuration are delineated and the cost/benefit trade-offs of

these options are discussed.

It is intended that this approach take ACTO another step furthur
toward the definition of that modular set of components suitable
for all scenario.s presented in chapter 2 'and discussed in dc:,A
in the ACTO report on storage media (Bunderson. Peit and Benns'p,..
1981). In other ACTO 5-tudiec furthur anal vs-s can be acco:>. (:-.:, a

bearing on hign risk'high cosT trade-ofl., and detailed sr,,c:f:-
cationsz can be urllle.

A few su.mary observations fror. our research may he lp tco gu2'i

the follo ing discussion:

Some selection crileria are mc.rc imrortant that; other_.-
current CucSe-e dc- a ivey stem, orovides color, sound, m. C,

and studtnt control oi paicing. In other %ord , one Iv-, --

system a read v in u. d aver , mar " of the f e(atures in \<t'- :-, : - :

hrie -. T ,' T ansrru,:ta ,, Is a qu tum,, I eIp over olde :"" -



.6 Why then, if the delivery system and the materials are good,
are they not much used? There are many reasons, and most of
them will confront any new delivery system. Historically,
when one investigates changes that stick one usually finds
that they:

1. are new tools that leverage work by making it
more efficient, therebN providing a competitive

advantage over older tools.
2. are organizational or structural changes that add

a layer of people.

3. are easily monitored so that observers can easily
see if they are used.

4. create a constituency that wants to sunort the innovation.

From our observations, any individualized instruction like
TEC can conflict with the need for NCO's to maintain respon-
sibility for training. It can thus alienate rather than create
a constituency. We observe NCO's using TEC lessons the night

before they will present the stand up lecture. Or TEC lessons
used b% groups of soldiers because training is for teams. The
delivery system must either have the po;;er to change the structure
(as the automobile changed urban society) or it must adapt to
an existing constituency.

In order to be successful, the new electronic delivery systeu.
must provide in great measure the most important feature--
interacticn. In our judgment this feature far outweighs a!-
the others. If NCO's and soldiers have a sufficiently powerful
tool that provides interactions, they, will find ingenious ways
to get the most from it regardless of the specific input and
output configuration. Interaction requires a computer. With
that capability, it is possible to replicate dynamic interchanges

between an excellent instructor and a soldier. There is a

threshold, a minimum level or power, beyond which order of mag-
nitude increases in productive work become possible. That po.:'er
in computers is now becoming widely available. It is a new too'
which can leverage the work of soldiers, instructors, and
commanders. Such a tool is the most important characteristic of
changes that stick. It is the central element of the electronic
delivery system.

Nothing else matters about the electronic delivery system if
ft i not used. Computer interactions that are engagin-. havw :-al
importance for the job. and are sensorily stimulating have th.7
sgreatot r ozcnti. o noeho used.

Other features can be rouzh>- ranked from most to least amcc1".nnC

sound. color. resolution, photo realism, and motion. As d.,
in detail in Charter 3. there is seldom one best level of tV. .
features,. Instead. the decree of rcsoluticr. and the bes u.-
sound, color, photo realism, and motion d,-,ndc or. the co :
the soldier.

The foll o. n: section.- present alt ernaLe co,.,'a ura, ions ,
each Sst .. type.
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Basic System Components

The basic system applies to all desk top applications in a
sheltered environment. The militarized version for use in the
field is treated as an option within the basic system. Hand
hela components are presentea separately.

The basic system includes the following components discusse,
below: processing, higher order languages, storage, software
user utilities, and shared resources at a site.

Figure 8-1 presents the candidate features for the basic
system. For each type of component, a 20w cns- cc:ai-
uration is also presented where feasible. Projected
original equipment manufacturer's (OF.M) prices for 1985
are included. These prices are based upon a quantity
5,000 purchase. The prices are expressed in real 1981

dollars, and therefore must be revised upward to reflect
general inflation in order to arrive at nominal 1965
dollars.

Processing. The preferred central processor for this
system is the ?2 bit military computer family system with
256 K of random access memiory (AM,) mtnmum. The 32 bit
military family was selected because it is likely to be
the standard throughout the Le-art .ent of Le- e nsc .

An optional system for field use requires a militarized
32 bit processor and militarized random access memory.
As might be expected. this option is more eNpensive.

The minimum cost option would be to use a 16 bit commer-
cial microprocessor with 256K of RAM. The cost
differences between the 32 bit and 16 bit micro processors
are expected to be minimal in 1985 and to decrease there-
after. The 16 bit micro offers sufficient capability to
accomplish sophisticated training. It is therefore one of
the candidate systems. On the other hand, a standard
microprocessor which is compatible with others throuZhout
the Department of Defense may have long run cost benefits
which transcend the imn.ediate hardware acquisilion cos. .

Hard';are Links. We reco-.,end that each system include a
varlet,, of serial and parallel ports us :ng tE. s t ancarC
connectors. This -ill greatly enhance th- case of plug- ,
compatible. modular hardcarc inte.:ration. uhicn" was- one of
the cri t-r:a. preserted earl ier for elect ron c del iver. s,, st
Opt:onal connect(.,r.s may make use of ports which are cx'ec,
to be standardized but have not yet co.< a nao general us,
and .ilitarized port.w - t rugjed-:','.i c, r.n -Lors for fi uIc .
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Software Communication Protocol. It is proposed that both
synchronounchronous chronous communication protocols be
available for the system. This is another major factor in
the ease with which systems can be linked in a network for

.dexhange of information. Some of the protocols are relativel
cumbersome because they must handle a very wide variety of
conditions. Protocols for transfer of information at a
local level need not be as complex as some of the standard
protocols presented here.

Higher Order Languag:es. We recorr., end that the sysiem run
a variety of higher languages, and not be dedicated to a
single language type. This will permit use of existinc
materials to a much greater extent. The languages recu::..-ended
are ADA, FORTRAN, Pascal, BASIC, and C'. These languages
should all be available to run on the system, but need noi
be available simultaneously.

Storage. The preferred storage system consists of a
storage station which utilizes a 30 megabyte Winchester

disk with tape cartridge backup and controller. This
common storage is shared by from two to 100 users. Our
observations at a number of military bases indicate that
the average number of work stations connected to each storage
station is likely to be in the range of four. Therefore in
estimating costs, the $1200 cost of the Winchester disk
and its controller, the $1200 cost of the tape backup system
and its controller, and the $200 cabinet is divided by an average
of four users to arrive at an approximate cost of $650 per
user for this type of storage. Optional means of storage
include an ID Card reader,'writer, militarized solid state
memory for use in the field, and dedicated 10 megabyte
Winchester disk drives with tape backups and controllers
fo- on a stand alone system. -

The minimum cost option uses a dual sided, double density
floppy disk containing betueen two and four megabytes, u:th
its controller.

Software User Utilities. It is recommended that a number
of utility softkare packages be available on almost every
system. If the Ar--- mahes a large purchase of hardware.
some or all of these software utilities should be prcvcdta
free from the manufacturer. These utilities include a data
base management sys~tem which &ould be especially uul for .
NCO's. co:anders, and oth.r.s charged with adminisiraiior..
Other uti!ities includ, a repor- -ert-rator whic'h selec s anr"
reports data from a data base, electronic ra.a4, word prc-
cessing. and a sort ,erge cap-1,ility 0hic-h can be usd tc
manipulate data fil(..
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Shared P sources At A Site It is not necessary to equi'p
every electronic delivery sytem with every option. In fact,
that would be very wasteful. Instead, we reco.-mend that some
capabilities be available on a site basis which can then be used
to support many work stations. Among the utilities recormend*-d

A are a 200 character per second dot matrix printer for producin7
low quality hard copy printouts and a 1200 Baud modem for
communication with other units. As an option, a letter quality
nrinter can be available for word processing applications.
This printer will opterate at a slor.er soc-er. tnan the dot matr:.
printer described above, but will produce higi, r quality cu.u-.

Anal\sis for the ins-ru:tior. System.

Thzs system tyoe usces tne ba..ic system com'.,nentts dO&scrihCC-

alcve. and adds- a resronse and a disp!!ay caa.i.tv Y-
S-2 e-nts the canii date features for this syst em. and F:_
pres ents the cost su::,ry.

R.-"e Th. preferred c=o,_onents for this system includ-
both a kevrad and a touch ranel. The kevad is used prim: :-:

for functional commands. while the touch panel permits
interactions with variaie information as it is presented
on the screen. These two comnonents may be used singly or in cn:-

jun ct ion.

Ont iona' re:sonse mecnanisms include a highl quality voice

in-ut system, a kevbcard where users are ivists and where t:..

volume of information is high, an inexpensive joy stick or
mouse as an alternative to the touch panel, a valuator (e.-.
rheostat or gam.,e paddle on thne Aple). and a track ball.

These oot ions reflect a sense from experiment five of t:-
present study and from our research that a keypad and touch r-.

system are mnost appropriate for the wide variety of soldiers

applications. The keypad and touch panel can be used in coniunc::n
or by themselves. The optional capabilities were judged to have

fetter aplications, but to bfe adenuate in terms of the selec<.
cri -erl a

D :s S . The preferre< , i st-a, feature in.cludes m-td:ur
resolutaon color graphc.- and color motion Dres-riaTior ca:;_-"

( . . N C vidood:sc p -"{:. n <, nan con. roller inter:..
Opt:ons include a projection television system for larpe
audiences, and a digitized, random access telephone quality
voice output system..

An alternat:ve systemr miLht be considertd as an option. 'i--.
sSte- isf all digital, and sacrifices color and the realiy<
avaalahie on a v-dt-ceisc: ,khlle maintaining a grUlchlc. cap:-
bilitv (albeit of lc],kvr (ua], ty'. This displa sv.st , us -
]o' to recd;u resout ion e.c.. 300 X 4CI, pixels) r1o0CrU.
..... ~~. 1, , ] t ',-: an -: s:: : . racm [: .

A rrinlmurr, cot oC n rr:: aIn the c cr and mt 2o(,-1
A-hich rir, ht be provid'-d L:. a vid-.,disc . hut sign iffi carn ' d.-
crea-es the text and gra;n ; acs ca.al_, Iat' . Thi s svst ., c -. '-
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RE COME ND ED F EAT UPE S Fop EACH SYSTEM- Ty--;

A. INSTRUCTION IN A SHELTEREr, ErqviRO N5"--N T
PROJECTED Qc

K--Y FAD $1
ArlD: TOUCH PAINEL

HIGH CUALITY VOICE INPU7
CR KEYBOARD
OR Low RESOLUTION JOYSTICK $ 2:
or, Low RESOL-UTICIN M,'OUSE- $ 50l
OR VALU.ATODR (E.G., RCi-OSTAT)' $ 2
OR T RA C K BL 150iD

13 " N'ED. RE S:)LUT 10ON (E.G. 512 x512 1Ix EL) COLORP $3003
GRAPmICS TER!.2NA'-L WITH NTSC EO -oAPALILITY

Afl: NTSC INDiSTRIAL VI1D E0DI TSCp LAY y:800

AN: IEDS INTERFACE FOR CONTROL ONLY $ 10u-
oR LOW TO ME D I U ' R E SOL UTIO (: E .G ., 3 00 4L" r PI X EL S D10

M 0, 1 '3 OP T E2A WITH T E XT/GR APCS

OFT I ON-'

PROjECTION SYSTEV- FOP; LApRGEAUIEN FOP f'TSC $I 2
COLOP

* OP DIGv-IzE: RND ACCESS5 VOICE OJTPJ$ c-

NTSC USA BODCAST STANDARD COLOR MIT $ 3 1 C
AND NTSC TEXT/GRAPHICS CHA-PRAC-TER GE-NER-ATOR: $23

* Figuri. S-2
~;. r ~nd~-d Feturc-- I r thc- l n -rucl ion S\E t'L
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A. INSTRUCT:3N Ir AI S-:..-, 7: :: ,T

PREERRED . :T VIDE"D

32 BIT CPU $ -? $
2 B5 K Rn:" .--
1 SHARE OFr -: : - .,- ,. .

30 M1BYTE DISK/TAPE e.I A
Y\EYPAD I, - hA ,,:
ToLcd PANEL . :.:T:R
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an NTSC color moniter, an NTSC text and graphic,, charac'ter
generator, videodisc, and int(-rface control. This type of s\>t-::.
might be limited to placing 24 lines of 31 character. each on
the screen, or low resolution graphics on the order of 192 X 256

, pixels.

The reason for specifying color in the preferred system is that
an electronic delivery system is self paced, and color has been
shown to increase performance in self paced instruction, as well
as to result in higher retention. These effects, as noted above,
are available only if the learner is given time to assimilate
the color. This system would allow for color coding, which h:,as
been show n to result in fa.ter and better comprehension. Color
has also been shown to be preferred over black and vhite and
it may thnus be a factor in decreasing attrition.

If a videodisc is planned in order to present motion sequences, ti-:
system should also be able to provide color in order to take full
advantage of the capabilities of the vicieodisc. The system
proposed here uses a single terminal to present both medium resolution
comuter-controlled -ra'hics and NTSC video im2-es. ThiR s-'stem
uses a comb filter, with three color planes, allowting u-. to eihtT
color combinations for graphics. which can be overlayed on the vidt-c
image. Either image may also be presented separately.

The inclusion of a color graphics terminal significantly increa.ses
the cost of the preferred system over the cost of either an
all digital system or a low resolution NTSC-only system. What
does the medium resolution system bu: in relation to a low
resolution system? And what does the color motion capability buy:
in relationshIp to a lo%\ to medium resolution monochrome all
digital graphics syste.

WICAT has had considerable experience using low resolution color
text and graphics overlays on videodisc images. We find this
carabilitv to be extremely important for generative items and
for making corrections to the videodisc presentation. On the
other hand, the text limitations are such that only minimal
amounts of poster-like information can be placed on the screen.

It would not be feasible to use the system to present much ic%-t
Moreover. the granhacs capabiliiv is limited b% the 192 X 23C
pixel resolution and by the pragmalic requiremenL to define l::-
of several pixels width. The system is usable, and yields
attractive graphics for large figures. On the othcr hand. th
Texas instruments 9P:8 video display processor which xe usc
not well adapted to presenting fine d-,ails, for examle
meter fa,-. Therf_-fore, a med:um rcscIution (approximael.
522 '" 512) system adc th(- ciabilatv to, C:4,).) rol it .y...

]in . This mar e. the dil', rcr nce btwor. n o-ng a,le to .,.-.:.
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meter displays, for exam.ple, in a two dir..nsional simuation
or not. This resolution as at irx ir..tei -":uiva1-nt to that
of the PLATO svstt.m. We have prsi:-ud n -,tnsie .i.u~ation

on PLATO, and find it a very useful tool to L:ve this level
of resolution available.

. The second comparison is between the color motion features
available in the preferred system and the monchrome low to medium
resolution all digital graphics syt.-m. We ft-el confident
from the literature -evit-w and oiht.r rt c-earch conducted for
this study that a great de l of very effective Trainang car.
be presented uith a 1o0 to r...-daun. rescluiion Mnoc:rm- grahnics
system as descril,:d ht-re. ThE a vantag- of usinc tne computer
graphics for eitn.,r of s inat c,::.l >aer g .-r teQ
graphics p rmit ra.ticl a :.s to a prc'gr,. to F

on-site, as opposed tc the I, a sociated " ith :. L C I n -

on a videodisc. Secur1t ca n ao L'c &: si 7 act.mc ucin
the maznetic medi.um. To m-.e v ica id-":scs sstc s,-e

is more difficult. The vid.-ousc .,trialcan simply be locked.

in a safe. much as c2a. fied print-d :-terial as tcoclr. .e-ea-
theless. ,.-hile it is an t"e n r it i x:]nrnY-r. Thi is sC 7.Va
less the case with a magnetic Bo-ium. Both the vid.ecdisc and
comn.ut er generated text and gra'-ics in 0rma* 1-o- an .O thE-
videodisc this is accbm%-,isn,- br a sJcc'SOSion of -caures 'a:
ever closer to the su'l iect. In a zra n ics sS:., zoom mav be
accomlished trough hard.nre atnc .of , are m::ua on oi a
singie data base.
The aavantage o: co-ior m, ion over m..cnChro S T i and animat ic.
is that some procedures, uhere motion as critica: or where time:
sequences must be portrayed, can best be presented in a video
format. Voreover, humar models can be much more easily presented
by a video syste; than u% computer ,r"aphics. The video also
permits presentation of existing slidetape, video tape, and
film materials. In these areas, videodisc color and motion

sequences have the advantage. On the other hand, the cost o

preparin- a videodi-sc and the difficulty of making changes are

disadvantages. On balance, we feel that marrying the color ard

motion features of a video system with the capabilities of a

medium resolution graphics system yields all of the benefits of

botn aproaches while minimizing their respective disadvantage .

The other element of comparaison for the oreferrred s',stem in

relation to the all diz-tal- mrnocnrome grarhacs s-vstem s in

the area of sound. In some sense thE sound comes Wr4e with

motion or a videodisc. That is, burane the motion feature

also buts -cn sound capabilit.. Thas staterent can be n-isleaX..n[

however, unless- still frame audio is available. Still frar:.,-

audio p. rrmits u.- to 30 seco. o audio to bE :r-sent ed wit .

each stall pacaure. Curre.t 30 framrC-s of pica ures must
used for c-a cn s.nd of aud. If vha- rd eod sc is used f o
audio va t noul a sT ] fcrar. c 1: % at' , the i ,. o sk-:m n Iz ar-

almost "as-ted L -clau, a _ r ] st ill vide, ir:,a.L is rep
30 aes- per sE-cnd .. h 10 t I E 1uc p 'I Tne same cor-J-..t.tS
about vided a sc scund ;ffl \ as ".r- m:.e a'out videcdasc vide.
That i -, t he d s-k i.s diff a u t tL(, c h . ngo, ... ... ... a ye t o pr vp a r'

Thalnti tht, th( T
m,,a ,ria s for, aru.i r,.' ; Ir1 .' a ,ri o d of ".,:I:. I h

cmf de It.<- r d ;,. c:.a, t, u:. ro, .. -. r



while the videodisc permits rapid searching and therefore a
form of random access audio, it is somewhat limited in this
regard by the speed with which various motion and audio seg-
ments can be accessed. Therefore, while the preferred system

"*- does indeed offer a capability for sound, it is not the computer-
generated or very fast random access voice and sound which is aaih'Lon
some other systems. There is nothing preventing the addition
of such a capability to the preferred system. Ho' ver, t cse
capabilities are not required. Vid-cidisc audio is likely to Le
acceptable for most applications.

The all digital graphics system couldi acc, L- t
access audio provision added to it. In this v.-,v% t c, d h:at-,
even more powerful sound capabiliies tK:rn thc V ac Tr.-orrt2
system. Sound is not a sufficiently ha-gn rrity f. ureby itself (i.e., apart from color video motion) e includtd
in a low cost system. Figure 8-3 prese-ts a co -,.rv of he

three basic configurations described above.

Analvsis for the Administration/Manacement System

A preferred and a minimum cost configuration have been prepared
for this system type. The two configurations with their
options are compared in Figure 8-4. Figure 8-5 presents a
compar~iscn of the expected total costs for the two systems in
their basic configurations.

The primary difference between the preferred and the minimum
cost systems are the CPU, the means of storage, and the pres-n-
tation device. The preferred system makes use of the 32 bit
military computer family CPU while the minimum cost version
uses a 16 bit commercial CPU. These differences were described
in the previous section. The preferred system also uses a
shared 30 megabyte Winchester disk with tape backup. The
minimum cost configuration uses a floppy disk. Both useI
a keyboard because it is expected that administration personnel
will know how to type and because the volume of data entry
makes a touch panel or keypad less attractive. Finally.
the preferred system uses the medium. resolution color terminal
which was described with the instruction system type, while
the minimum cost configuration uses the monochrome graphics
terminal described in that same system type. It should b.e
noted that neither system includes a videodasc. It should
also be noted that these systems are intended To be plug
compatible and modularlv interchanj(a"l y. B3, this is meant
that to mke thb administ rat ior,.,ant-m(-nn syst -. - into an
instruc'ac ri sysem the appropriatE pcr phw.ral s for the n( .
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required features would simply be plugged in. This modularity
and interchangeability is a critical factor in meeting the
decision criterion which specifies low hardware ownership

(e costs and high benefits for plug compatible components.
Availability of systems is likely to be maximized if parts
are interchangeable. It could be expected that both systems
would include access to an on-site modem for connection to
external computer networks and data basis.

The preferred sysTem uses a shared memory so that in format ion
can be readily accumulated in a central data base and
shared among a number of users who are in close physical
proximity (i.e., wherever a coaxial cable can be run). 7 nh
mainmum cost system uses a floppy disk which would be
physically transported to another system if someone else
were to need the data.

The case for the expensive medium resolution color terminal
as opposed to a lower resolution monochrome terminal is
less strong for this system type. Most of the evidence
supporting the use of color for management presentations
is anecdotal. The cost differenceis over $3,000. Therefore,
while we recomrmend a color higher resolution system for

this system type, we feel that the cost/benefits case is
less strong. In fact, it is likely that the choice of
terminals for the administration/management system would be
determined by the choice of terminals for the instruction
system. If the higher resolution color terminals are chosen
for the instructional system, then compatability for the
administration/mr.anagement system would be valuable. On
the other hand, if cost were extremely critical, the lovker
resolution monochrome system or the NTSC video only system
might be chosen. If the instruction system is configured
with the lower resolution monochrome terminal, then the
administration/management system would certainly use the
same terminal. If the instruction system uses the NTSC
video only terminal, then a separate text and graphics terminal
would be required for administration.

Analysis for the Job Aiding System

Figure 8-6 presents the preferred and minimum cost components
for this syst em type. Figure 8-7 presents the cost sunmmarx
for comparing the two configurations.

The CPU's for both systems are militarized. One uses a
32 bit CPU while the other one uses a 16 bit CPU. Both
use militarized RAV. Boet' also us- a militarized onc
megabyte solid state memor..

Although there is no difierence betit,cn the preferred an,
mrin.mum cost systems for the solid state memory, the qi:ar.(
of this memory is a critical det(rminale of total sC',- cm-<
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for both systems. The ACTO Storae Media Project 7Stim te that
as much as 15 megabytc of solia stazt ,.,.mory might be
required for this job aiding application. We have esti-
mated that magntic bubble memory in quantity 5,000 purchases

i • in 1985 will cost approximately S1425 per megabyte. These
prices are in terms of real 1981 dollars, and must be
adjusted for inflation. Therefore if 15 megabytes is
required instead of one megabyte, the cost of this system
could reach nearly S30,000. This is clearly far out of
range of tolerable costs. We therefore feel that the
kinds of job aiding materials placed on this system, and
the scenarios for their use, should reflect the more con-
servat ive memory figures used here.

Both the preferred and the minimum cost systems use a
militarized keypad. The preferred system, ho'.ever, includes
a voice input system as an aid to the soldier vhen hands
and eves are busy. There is not a good body of research
vet to describe the efficiency gains to be achieved ith
voice input. However, anecdotal evidence over the last
decade indicates that for specific applications where
hands are usually full (e.g., baggage handling, quality
control inspections, and numerical machine coding) voice
input can make a significant difference. The inclusion

of a voice input system in the preferred configuration
is therefore a matter of opinion, and subject to verification
in field evaluations.

'Both the preferred and the minimum cost systems use a
militarized flat panel display. The display is projected to
be a monochromatic system.

.No videod:sc is recommended for job aiding in the field becaus
of the difficulty in ruggedizing a videodisc player. however,
the videodisc may be an excellent choice for garrison job,
aiding.

Analysis for the Authorina System

Figure 8-8 presents the system alternatives for this
system type. Figure 8-9 presents costs for the pre-
ferred and minimum cost basic systems. Both configurations
add a graphics tablet for entry of graphics information.
and whatever keypad, touch panel, and valuator data entry
capabilities are recuired to match the capabilities of the
instructional delivery systems. A keyboard is also added
for interaction with an authoring manacement system.

The primary difference between the preferred and the minu-um- cost
systems is in the dispiay terminal (medium resolution color gras.i s
with NTSC video vs. a low to medium resolution monochromatic

.1

'1
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monitor with text and graphics). The choice between these
two presentation feature co::,ponents will surely be deter,:red
by the selection made for the authoring system.

If the instructional delivery system chosen includes a
color and motion video capability, then the authoring and
production system type must include a videodisc player,
studio quality color text and graphics character generator.
and video tape editor. Naturally, these resources are
shared across a large nu-mber of uSers. Nevertheless, they
do represent substantial costs. For example, the stud2o
quality character [enerator can Le expected to be priced
in the S60.000 range.

Analysis for the Rt:inc and Inventory Syste:7

This system is presented in Figure 8-10. No options or
lower cost alternatives arc- presented, since it was felt that
the basic configuration is already at a low cost and that
no additional peripherals are required. This system includes a
battery operated computer with a srall flat display and ke::-ad.
Nonvolatile RA.,. is used to hoad data even when the power is
off. The data entr\ device can be plugged into another sVs1er.
upon return from the field, and the data can then be transierrc
into a stan.ard data base management system.
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CHAPTER 9

LOOKING AHEAD

GENERAL CONCLUSIONS FROM THE THREE-PERSON AND SCENARIO ANALYSIS

The old delivery systems have not sufficiently dealt with certain
necessary functions. These include:

1. Teacher auality assurance--especially for distributed
training involving NCOs and training officers in units.

2. On-the-iob traininc delivery and future assu:rancc.
There are man. aspects to this because? it has no, b, .
possible to perform it adequately with print and voice
communications, or with linear audio visual materials.
Thus many partial scenarios and sub-scenarios have had
to be projected to define how to implement such systems
using new technologies.

3. Related to the inadequacy of the current delivery system
for on-the-joh training and testing is a deficiency in
learner oualiTv assurance. Quite aside from the re-
cruiting and enlistment organizations that no', exist.
improving basic skills is a part of learner quality
assurance. It must take place on the job. Basic skills
improvement is not well integrated into a total on-the-

- job and future assurance system. The present Basic Sk'l
Educational Program (BSEP) can be useful, but must be
well integrated into on-the-job training in the urits.

One of the most critical functions identified in the scenario
analysis was that of materials development and improvement.....
progress has been made bv the Army in this area. The Arm, ha-
been a pioneer in Instuctional Systems Development (ISD) and
distributed training. However, much more needs to be done becaus
the materials development and improvement furction is the rn-.,'>: Tr
driver of both the current problem and its solution. The
numerous centers in the Army where authoring of materials tak..
place no,. are the source of the paper glut that affects tra:, .
maintaining, and general communications. These materials dt-%v '-
ment and distribution centers mu t be transformed sc, that the' ca:n
distribute nek optical memories and materials in electron2c
forms over networks. The authring system technologies to aidthem in so doing is perha r s the most critical develo m-en su,
that the Army faces. This is the key to improving currently
weak delivery systems, teacher quality assurance in the ::e~c,
on-the-job training and future aEsurance,and bearner auali'
assurance (through prorams like EP).

The remainder of this cha-ter eaves :Tcre s.ecific ccnc'lu-::r.S
and recocm:endations. These will be orcgnized under th.rec
major types of delivery systens: the c cectrcnic de :v r': s'.
(EIDS) hardw-.:are for ob trazning, t E .EA's harc;.r fc: u.-
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0repair bases and in the field, and the hand-hcild sysCtem. The
"is-sues remaini ng' discuF;Fed bl we-re deriv-ed frorr. wkhat, the-
authors perceive as the- dcesigr. are-as where the groat (.t pot en
benefits exist, or where soft tec!h.nology isu es, if not reso clved.
introduce the greatest risk of failure. Issues regarding lo-.cal
network communication and storage will not be cconsidered in this

is chapter, as these matters are not the function of the presentation
features study.

CONCLUSIONS AND RECOMM'ENDATIONS FOR THlE ELCTRONIC DELIVERY SYSTE.I.

Hard Technoloav Issues

VSual1 D is I av. The f olio-,k in g c Cnc lu ons z '.ere crd rej.g.r::
v.,s ualI d i SIa ys:

*.NTSC color video di Splays arc- acc,:-piable if tht-y i ncludoc-
computer text and graphics. It will be easy to convert
existing audio visual materials, but print will require
extensive reformatting. After reformatzing. NTSC
color displays are quite suitable and the cost of reformai-
ting car yield benefits in speed, effectiveness, and inter-_st!
motivation if reformattina follows coo3 design principles.

0? eciumn resolution color graphics is pre.ferred for greater
ease and fIE-xibliTy in -I~or-atig fo Cea'~ Cce~:
and inTer-st: anc; 7-,-sT a'rr n for n 'v. 0,tons ~n
c omut--r -rarnhics- ic:-s'-rrTr~i~~so~ iP
and intc -llIiznnt in,, eraci ionc . Th(-rec is a h izn 6oila7>
price for t nis pre'E-rredi opt ion by 1987- (ph-t 3. iuo)
and it will probab1-ly br- n(-ressary' to r(-sTri( cn cono r
to certain twc(-dimensiona! simrulaT:on P--1icnTanns ai.-
in co7.mand and control s2TUat1 ion;- 2~r t canl I'( xw-l
Justified. Me-dium resolution color disyl--as shoul '- o
of the options designed into The modular eactr-ni- c v
configuration even if it i s not s-eecT ed frr The r,',
or company level traininz systemn.

Auc! io. Still frame audio on optical memory storagec systems
(e-.g..videodiscs) is an essential for transferringl existing
TEC and ETV materials to compact job training packages. This
is a conclusion from previous studies. This study revealed
simply1,, that such a large capacity audio capability, will mee,
all existing requirements and will open new possaibilties '0-
increased effectiveness. Thus, there is no need 4cr co-stly
and less effective digitized or synthesized audicl wher-e otlc";.
memories with still frame audio are usec;.

D-sicn of the- NTSC Video- disc PThe. n isE'uc witl, he prc . t
signiiicant impaLct on th.e-eeta cost Cite the isFsu- o,
resolution color vs. NTSC vid(-o diSpla,.:) is the %TSC vQo
player. The $800 f igure deriv'ed in Charlcer F& is a riskV

* bE~~' -cause it is ba!sed or pr-ctin ircreAOc c vc
p! avers-. T hese curreii* pl ave-rs do not h.ave ,i 11 I "rn: -

t:nu- cor.si de rabl e T chooy rve o n.-t I:us o ; 5a t
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area. Some questions that m-u st b-e answered arc- as f ol ivs :
0 Car. photographic media svste s be developed that will

be more cost- ef fec tive than , he stamped and alumninizc-d
plastic disks?

OShouTld the format be a spinning disk or a stationary
card?

*Should the material be stored in analog format or all-
digital format wAith Dcgital to Analoc- converters used tc g>rate
both audio and video pictures?

OThe resolution of the questions above affects the pre-
mastering, mastering and replication tec!hnolc)_c:ies ccr-_sac ra', 1*.
Will local mastering- and duplication be made available
to the many .-m' sites where mnaterials developmT -nt w_ ll taKE

* place?

The answers to these questions also determines the
nature of author-ing systems. Authoring systemns aim-ed at
producing materials for use on electronic deIi ve ry vtr;Cn
*use optical rnemorieS cannot be COrMoletEO; and optimized until

*1the hard technoloEv issues arc- re-,olved.

Inrut, Devices. The following- conclusions and recommendationsz are
made:

*The keypad plus tou-h panel recom-mendation will serve
adequately, but research and development is needed to dE-f ~n* a
general keypTad usable for all job trairirc- nackazes: or al,.--

*natelv . a minimum number of more snecia~Jipr1 kpynacid. Tis
research can also consider the elim-inqT inn of --1e tourr rn *
providing cursor control iron-, devices on the keypad.

OVoice input is not required for general job training. b unw
be specified as a plug-in option when a job requires vocal
responses to be trained or hands or eves to be free.

Authorinz Sy-stems.5: for Jot, Traininz: Materials

With plug-in modules an-, additional equipment, a variety oi
authoring systemns can be configured for various developmten:.
needs. 1t is net possible to specify these precisely at t:
time because of the remaininz: soft technology issuesc.

The A rmy should pay considerable attention to the desiun of thle
authorina station and- softw, are for JTP materials. This syste7,
used by ccntractors in a network accessed by the Army contratin
monitor-, can provide qu.aity assurance during develozr..n..~

Soft Te~icoyor Stratecv/Authcrin- _Svste - -

Becduse of the lciice inventory of exist-ing job trainin : m-ra-E,
andl the hich cost cf electroric disr:iays that mini-.,er
ting, further rcsr-rcr. andaoeooo. on way's to rf-~c
materials is rEeocec Befor auth -orinc svIs:ozS Can LDc -

sp'eci fied, some isusgrow-rg cut of t enw sc.-narl: s
on-the-job and futuLre assura-,n ce sys e-,m'- uSt al1s o hbc s _- %
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Recommendations for Reformatting. A number of investigations
are recommended:

* Still-frame editing is a costly and complex problem nov.,
but adding the editing problem for still frame audio will
complicate it even further. TEC and ETV visuals go
directly onto NTSC video, but the largely unknow still

! I frame audio problem must be resolved. New authoring
systems for still frame audio require research and develcpment.

- . * Printed materials such as the Army Training Literature
Program and the Army Correspondence Course Program will
require considerable investigation. The goal is to dls-
cover how to reformat at minimum cost and maximum cair.
in effectiveness, including rate of conmpreh.ension and
user interest and motivation. This will reouire the
addition of interactive capabilities during the
reformattIng process.

• Computerized authoring systems with text and graphic
processors and prompting systems for the authors need to
be developed. Methods for getting the materials into
dicital form--both text and graphics--and editing these
materials need to be investicated and built into the
authorina system.

New Issues. The scenarios defined in this and the previous
studies have identified a number of areas where considerablefurther research and development must be conducted. This

research is needed to define the most cost effective manacement

and instructional approaches and the best authoring systems to
sutport them. Some of these issues are:

* How to design a management system to implement the Pian
for Continuina Individual Training in Units (PCITU) and
to extend this to a Plan for Continuing Team Training in
Units (PCTTU). Recular electronic delivery systems can he
used in a management network to help the trainers and tne
soldiers schedule training and evaluation in the field
and provide a training accountability record.

* How can the NCO's and training officers be trained to
train effectively in the field?

* What instructional strategies can be added to old materials

in the job training packages, and what new materials can be
developed which will utilize the effectiveness of inter-
actions? Interactions can range anywnere from rather
inexpensive to very expensive. When is a particular level
of intelligence, interactivity and dynamic graphics nee:k-d
This study provided much general cuidance on this issc:, bE t
specific develoment stucies with alternative JIP, SIT,
ARTEP taskis are needed to define new form and style st.n~r:.

* How can SQ T and Sc: practice be inte:rated into job t
How can 2-D sin-ation anc surrogate travel imnroce

Will SQT's d:sa Zcar as a semrate cntity as they arc
intecrated ful y wth traininc:
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- How can ARTEP be integrated into a total on-the-job
training program? This requires correlation of grour
performance scores with individual performance scores.

* How will it he possible to assist in the resource
management of training (e.g., as related to the TMAC
project?

* How will it be possible to integrate job aiding in the
proper mix with training lessons? Experiment 5 herein showed
the increased time effectiveness of a simple job aiding
strategy in a cable assembly task. There are instructicnal
strategy issues involved and also political issues. m...
is restricted at present in developing job aids. Yet the
Army's best interests seem to lie in a much closer
integration of job aiding with training materials.

In all of the areas requiring further research describtd abcve, a
major objective is the design of modular authoring system hard-
ware to leverage the work of the materials developers. Ways
to produce the new materials must go hand in hand with the new
scenarios, delivery systems, and strategies.

CONCLUSIONS AND REMAINING ISSUES REGARDING MILITARIZED ELECRQ.,IC
DELIVERY SYSTEMS FOR SPA's

Hard Technology or Delivery Systems Conclusions and Issues

Display Devices. A flat panel, bit mapped monochromatic

display with medium resolution is quite appropriate. Gray scale
is not essential, but reformatting of existed printed SPA's
and ETM materials is necessary.

There are some storage media issues remaining in the desian
of the SPA's delivery system. This study projected a one
megabyte bubble memory which holds at least 3.3 SPA's manuals.
However, after the storage media report was submitted, a new
optical memory card that will hold several megabytes on a
pocket-sized card has been announced. This may not have the
disadvantages of the optical videodiscs for the SPA's delivery
system (reliability and portability) although the update
problem would remain. Thus, the various bulk semiconductor
memories vs. the optical card memory must be investigated
closely. The rapid change in both of these technologies
introduces an element of risk in current projections.

Audio. Audio output during maintenance aiding may be quite
helpful in some situations but does not appear to be a recu:irement.

Innut Devices. A simple keypad seems quite adecuate for the SFA's
style maintenance aidinc and is also the least expensive. There
has, however, been some high level interest (Pentagon) in voice
input. Voice input has a number of potential advantaces and a
nurber of potential disadvantages, not the least of which 1s cost.
Concept tests in the maintenance aidina context, fully .
the advantaces ano das r,'ant=-s of voice inout vs s. -ifica>:
designed keypads (perhaps with cursor con.trol) should be irnt1at -<.

Soft Technoloav Issucs for SPA's

Peformattinc Studies. The specific characteristics of t]--e fl'
a tel to be us7d r-.:st be id entied, i and its rcsilu"is r ,.-,

extent of gray scale must be fully sc This is
perforred in the Technolociv Based Corre:tion stdy of AcT
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Following this specification traditional reformatting
studies need to be conducted to find the most cost effective
procedures. These procedures should be implemented into
a SPA's authoring system for use by those who will reformat

l the old SPA's and TM's.

New Authorina R & D. When the issue is the design of displays
for electronic delivery rather than converting printed pages,
then the design of a SPA's authoring system will have more
degrees of freedom. Some issues have to do with whether new
materials are produced all-digital from the beginning or not.
Thc prototype for the new electronic SPA's format and the authoring
systems fcr producing the materials should be developed
simultaneously.

THE HAND-HELD SYSTE' FOR TRAINING ANP INVENTORY ACCOUNTABILITY

Hard Technolozy Issues

Display. What size should the small flat panel be? How man-,
rows, how many columns? How large a dot matrix? What flat
panel technology should it use? How much local memory? While
the findings of this study provide guidance, the answer depends
on the content of ARTEP, SQT, and inventory applications.

Howk many functions should the hand-held data en-trv computer perfcrm:

* Scoring for SQT and ARTEP?
Inventory management?

. Rapid field calculations?
* Should this double as a keypad for workstations?

Portable Storage. Should the hand-held unit have a built-in
optical or memory card reader?

InOut Devices. How many keys should the keypad have? fow
can they be redefined for multiple uses? Should there be
cursor control mechanisms on the keypad?

Soft Technolop'y Issues. The emergence of the hand-held unit
represents a critical area for research and development. It
is fairly recent in the ACTO series of studies, and it is
based on new scenarios for the job training and future
assurance scenarios which themselves are quite new. Thus
there are many soft technology issues that depend on hov,

- the hard technology issues are resolved. For example, hov
much memory can be contained in the hand-held unit? If an
optical card or storace chip card is to be inserted in th, :
hand-held unit the unil can man' cre thinas than if i7
must oniy ,on ain built-ir serr.iccndu or memories.

However the storage issue is resolved, there is a materials
develooment an .rocrami-ing issue concerning the inventor%- .aac -
mert protocols, and any other protocols that will be ime.. n tE
usinc the sa-c hand-held unit. There are also hum a factcrs t

I,
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interact ion strategy i ssues that have not vet ber-n dc-fine-d
or investigated.

FINAL COMMF.'NTS

This is not an easy study to summarize. There are many detailed
reco-:-.-,ndat ions in the executive summary and in the chapters.
These *eal with the nuances of when different presentation
featur-,s are more effective and advantageous. A choice was made
to focus this final chapter on those conclusions that are most
related to cost-benefits and seem most solid, and those remaining
issues which need to be addressed. These issues require resolution
before the opportunity of the nek electronic and covmunication
technologies can be fullv realized by the Army.

One general conclusion is that the technology has progressed
far enough to present a variety of attractive alternatives.
Further research and development can only lead to more ways
to cut costs and increase benefits as the hard technology
and soft technology issues are resolved. There do not appear
to be any major risk factors in resolving the hard and soft
technology issues discussed herein. Thus, the Army's greatest
need is decisiveness and commitment in seizing the opportunities
for improving force readiness through greatly improved training.
maintaining, and cornmmunicating, which these new technologies
offer.
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APPENDIX A

SOME EFFECTS OF REALIS-' A D JOB AIDING FOP. IN:RUIO:
RESENTE: VIA A VIDEODISC

I'O EXPERIMENTS I AND II

The transfer of training material from paper to
videodisc requires more than mere transfer; it reauires
transformation. A printed traininc manual has the advantace
of years of research and developent behind it; thus when a

new manual is developed, well established auidelines are
used. The decree to which these cuidelines are transferable
to viceodisc develoonent is not altocether clear, althou7h

great disparity would not be exoected. This experient was
desianed to test the aolication to videodisc instruction of
training guidelines develoned for traditional ethods c:
instruction. The first auideline in question was the
relative merit, in terns of accuracy and speed, of realistic
photoaranhic versus line drawino instruction. The second
question concerned the value of learner instruction prior to
use of traininc material as a job performance aid versus use
of the material as a lob aid without prior instruction.

The traditional denendent variables for comnarino
the effectiveness of photocranhic vs. line drawinc
instruction have been scores on verbal knowledge of pictures
or measures of discrimination of parts of pictures presente7
on visual/verbal multiole choice tests. The traditional
dependent measure of sneed for these has been tine tc
complete a criterion task, again usually some kind of
visual' verbal test. For instance, research by Bore and
Shuller (1979) and Markham (1979) concernino learner
identification of tanks after pictorial or line- drawinc
instruction, as well as pertinent research surtTarized b'.

Dwyer (1978), indicates that line-drawino instruction and
photographic instruction are equally accurate and efficient
when learnin= is mea:ured by scores on multiple choice or
identification tests.

However, for all the information in the studies,
they do not address these related aues-ions: 1) Do line
drawings and photocrans yield ecui'valent visual "verbal test
performance in viieouisc instruction as the'y seen tc i.
paper base7d instruction, 2) Does one picture type v'deI
faster and.or more accurate nerformance than the other for a
psychomotor task as oposel to visual 'verbal multiolt choice
test nerfornance, 3) Does Prior inatruction improve tas-
and co r test performance snee2 an2 ccuracy sufficient I tC
warrarnt its use in a recna:7; ca proceduraI tra - rW
envi r -c-, an 4) 7- e d,, ]earnin2 fro. one oicture
type transfer to the acrnate tyrc of mXultile chcice test:
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Saple. Sixty students from Orem. i:h Scho ('are-, UT)
comprised the sample for this experi.-ent. Subject aces were
distributed as follows: two (3%) were 14 years old,
eiahteen (30%) were 15, twenty-nine (48%) were 16, eic-.t

U' (13%) were 17, and three (6%) were 18. Sex was distribute4
thus: fifty-one (85%) were male, nine (15%) were female.

The students were chosen at random from the schozol
p opulaticn, but particiation was vcu,-tarv: each stu.4ent
was asked, not renuired, to particirate in a mi itary
traininc experiment invoivinz videod'+isc techn-oy. There

was no incentive offered tc attract mart c nts excent t_. e
oportunity tc ce excused fro.- class, so personal interes-
was a factor in s-- tzect ta ti

Ar'r+ratus. There were three stations run by two observers 
durinz ne exoeriment. Each was located in a nrivate stud",

rrel at the rear of the Media Center. At each station %,:as
a television monitor, a videodisc player, a videodisc, and a

boof ..tialv assembled cable adanters.

Two tvpes Of monitors were use- in the exoeri.-ent.
At tw s-at-ions were Son, mode! CV:.'-1250 'rini . tron col-r
receiver -onItors" at the other station wa s a Panasoni4
CV-1310V Color Pilot coIor receiver .onzt.or- both had nine
inch screens.

A Macnavox model VHBOOOCHC1 viceocisc plaver was
use4 at each station. The players were connected tc the
monitors via the video output jack.

In each player was a Sony videodisc made fr-. a
WICAT video tane of U.S. Army Traininc Manual
TM_1-5995-208-24&F, in which assembly of coaxial cable
adanter CX-10734/G is documented ,in thirty-eight steps.
Five comoinations of pictorial, visual, an4 auditory stimuli
were renresente4 on the disc, so the actual technical man'a

content was rerroduced five times. The two cominations
used as treatments in the exoeriment were 1) silent still
frames with full color photographic visuals and text
ex1 n aticns Jeve onec at WICAT and 2) si]ent still frares
with two color line oravwinc visuals and text e I la-tI-
which were direct cories of the technical manual pages. 7h -
information contained in the ohotoorahic visuals a
desi nef to he virtually identical to that o one
line-drawinc visuals. -

There was alsc a visual ver.al ut echoice tes
on the videodisc ccnsisoan1 of fifteen rictures seected
from the in-struction to remresent its do-ain, each witn a

auesti o su. it :te for the tex r" --n +ion at th.::t..

Of



* There were three types of questions asked in the test: 1)
what step preceeds the step shown in this picture? 2) what
sten follows the ster shown in this picture? an] 3) what is
irissinq in this picture for it to be co:7plete? Four
alternative answers to each auestion were printel on a
separate answer sheet. The test was reproduced twice, once
with photographs and once with line drawings.

The re:.aining equipment at each station was a aroup
of four com-unication cable adapters, each in a different
staae of assembly, which constituted the four tasks of the
performance test. With each cable was a baa of parts which
subjects were expected to correctly assemble.

Ex7erimenta! Desizn. To answer the four questions lstez a:
the end of the introduction, two sub-experi-.ents were
performed. The first three auestions were inves- ic-_ed by a
2 X 2 factorial design (see Figure A-I). Experiment 1
involved the factors of picture type and instruction time,
with the following levels: photographs and line-drawincs
for picture type, two minutes and twenty minutes for
instruction time. In the job aid condition two minutes were
allowed for the subject to quickly become familiar with the
layout of the material. Twenty minutes were allowed for the
instruction conition.

The decendent variables measured in each cell of
this exoeriment were visual'verbal multiole choice test
scores and performance test scores. Two scores were
obtained for each test. The first was an accuracy score
exoressed in raw number of correct items. The Maximu
possible on the written multiple choice test was 15, the
tasks in the performance test contained 19 steps. The
second score was a speed score expressed in decimal minutes
to complete each test. It should be noted that, thouch
there was necessarily some communication between subject and
observer during the performance test, only actual task
performance was timed.

To answer question four, another 2 X 2 factorial
design was created, with photographic visuals and line
drawings instruction as the levels of the first factor an'
photo.ranhs and line drawinas test as the levels of the
second factor. Ficure A-2 presents the design, hereafter
known a s Exeriment 2. The denendent variables wereachievement and test tine on the verbal! visual multirie
choice.

Procedure. Su ects were Feato-- a: a station amroximate!\
twenty inches in front of the monitor and within easy reac>.
of the videodisc control buttons. They were then told t:.-
the aeneral purpose of the exrmerient was to see how we1
the viplao'-isc la.er could be or~crated in an en v rzr.: e n

e.Irn n



A-4

ft 2 Minutes' CELL 1 CELL 2 Photo' CELL 1 CELL 2

n=14 n=18 n=19 n=1l

FACTOR B FACTOR T
L "ISTRUCTION TEST PICTURE CELL 4 CELL 3
TIME TYPE

n=10 n= 7 r,=10 n=20

23 Minuites' Line

Ictc Ul Line 2 Frto Lir, e

Factor A--Pi cture Ty:e Factor 1--instructior,
Picture Type

FIG U A-L 2x2 factorial FIGURE 1-2.2x2 factorial
design o Exoerirent One. design of Experiment Two.
speec an: accuracy measures speed and accuracy measures
for visual/verbal and for only visual/verbal test
psrv-c o:r tests ta'er, taken.
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.. traditiona" .y reserved for books.

Subjects who were to receive only two minutes of
instruction before heoinning the tests were told that they"
were to take two minutes to familiarize themselves with the
general format of a lesson on the videodisc which showed the

A.O steps to assemble a military communications cable adapter.
They were told that they were not to memorize the
instruction but were to use it as a cookbook or maintenance
manual, referring to it as often as necessary for correct
performance. Subjects were shown how to operate the player,
given a short time to experiment with it, and then bezin
their two minute perusal of the instruction.

Subjects who were to receive twenty minutes of
instruction before becinninc the tests were aiven the sa-e
instructions as thcse were to receive only two minutes,
with the obvious ex.ceo i -on that they were told to take as
lona as they wanted, up to twenty minutes, to study the
instruction. Sublects receiving twenty minute instruction
were allowed, like those receivina two minute instruction,
to refer back to the content during the tests. There was
considerably more variation in the actual study time used by
subjects at this level of instruction time, some taking as
few as nine minutes and others taking twenty. Studv time
for each sub;ect at this level was recorded to the nearest
.01 minute.

The visual /verbal multiple choice test was
administered first, followed by the performance test. The
performance test was olaced second because, since it was
deemed to be the harder of the two tests, it was thouaht to
be to the subjects' advantace to have maximum exoosure to
the content before they took it. All subjects were
administered the tests in the following way.

Subjects, still seated one to a station, were aiven
an answer sheet and directed to write their name, age, sex,
and grade in school, and the date in the spaces provided at
the top. They then were shown where on the disc the
visual/verbal multiple choice test began, an4 were directe4
to write down the frame number. They were then shown the
relation between the answer sheet and the questions on the
monitor, how to cet fro. auestion to question, and how to
aet from the test to the instruction and back acain. They
were given a short time to experiment with these disc
manipulations, then were placed at the first auestion ann
told that, though they would be timed, they should not hurry
but answer each questlon correctly- then they were told tc
begin the test. T 'in -regan at this ocint as well. Durin: 7
the test, s were left alone, only comunicatinz witr.
the oserver at their rea-uest.
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* When the first test was completed, subjects were
aiven no fee 7hack concerning it, but were 17-e iatelv
introduced to the performance test. They were told that
they would now further assemble four partially :.sse:-bled
cable adapters, c id that they were free, as on the first

this, subjects were given each cable with its bag of parts
one at a time and asked to assemble eich correctly. The
tasks were given in the'order in which the related content
appears in the instruction, the first task corresponding to
content early in the instruction and the fourth task,
corresponding to content toward the lesson's end. The
following cescrintion of subject perfornance evaluation
applies to all four tasks.

W en sucjects mace sone puroseful move:-ent, such as
pressing a vi::eodilsc control button or oickinz up a cable
adapter conponent, tne observer becan timinc. The observer
used an observation sheet printed with the steps in each
task to record whether or not each step was correctly
perfored. The criterion for success on a civen step was
not that it be done in some narticular order but simply
that, when the student was finished assemblino the adaoter,
it be correctly assenbled. Timing ended when subjects
indicated that they were done by holding up the adapter for
the observer's inspection or by verbally indicating that
the" were finished. If suc-ects who had not attempted the
last sten of a task asked whether they were finished, they
were told no. Ho-owe;ver, if subjects who had attempted the
step but had done it incorrectly asked the sane question,
they were told yes and the last step in the task was marked
wrona.

W'nen both tests were completed, subjects were asked,
"How hard did you try on these tests?" Subjects responded by
indicatina a location on a five point scale, five meaninz
"very hard" and one meanina "not at all."

RESULTS

The data was analyzed using a two-way analysis of
variance. In order to take the unequal cell sizes (shown in
fioures A-I and A-2) into account in the analysis, an
adiusted AND%"A rather than a secuential ANOVA was used. The
model used for experiment one was

E
Y(i ) = A(i) + B(j) + AB(ij) + e

where factor A w'is picture type and factor B was instruction
time, both factors beina fixed. The model for exoeri.ent
two w --

Y(ij) T(i) i(j) + TI(ij) + e



where factor T was test picture type and factor I was
instruction picture type. Again, both factors were fixed.
Alpha was set at .05 for both experiments. Each experiment
will be discussed in further detail below.

Experiment One. Tables A-i and A-2 present means and
standard deviations for the factors of interest. Table A-3
presents the Analysis of Variance results. The results of

: this experiment shed some light on questions one through
three (listed at the end of the introduction). Generally
speaking, picture type seemed to have no effect on either
performance speed or accuracy. This was true of both the
multiple choice test and the psycho'otor test, although
there was an exceotion which will be discussed below. Prior
instruction seemed to affect visual/verbal test perfor-7ance
time, but accuracy scores remained rouqhly equivalent across
both levels of this factor. There was evidently no effect
on either speed or accuracy of psychomotor performance. The
statistics supporting these generalizations are given below.

Picture type had no effect nn speed or accuracy in
either criterion task. The F-value from the test of effect
of picture type on visual/verbal test speed was 0.03,
non-significant when compared to the table value of 4.04 (df
1,56). The F-value from the same test applied to
visual/verbal accuracy was also non-sianificant: 0.19. The
F-value from the test of effect of picture type (factor A in
the model) on psychomotor performance speed was 0.39, well
below the table value of 4.08 indicated by the degrees of
freedom (df 1,45). The F-value from this test on
psychomotor performance accuracy was 1.14, again well below
this rejection reaion. Thus there was no apparant effect on
either dimension of visual/verbal or psychomotor performance
by picture type.

There was, however, an exception to these findings.
This exception was a significant interaction between the
factors on the speed measure. An F-value of 4.94 was found
for a table value of 4.08. Subjects who received twenty
minute instruction and line-drawings completed the
psychomotor test more quickly than subjects in any of the
other three cells. The next fastest time was for two minute
instruction with photographs; the cell combinina twenty
minute instruction with photographs was virtually equal to
the cell combining two minute instruction and line-drawinas.
Figure A-3 presents the interaction graphically.

P14

The presence or absence of prior i-struction
affected neither speed nor accuracy in psychomotor
performance, nor did it affect accuracy of performance on
the visual/verbal test. The F-values for effect of prior
instruction on psychomotor speed an- accuracy were 0.43 an.

0.25 respectively, and both were below the table value of



Table A-I

MEANS AND STANDARD DEVIATION FOR SPEED AND ACCURACY OF
VISUAL /VERBAL AND PSYCHOMOTOR PERFOR.ANCE

IN EXPERIMENT ONE

FACTOR A FACTOR B
PICTURE TYPE INSTRUCTION TIME

TPOTO LINE 2 MIN. T 2C IN.
S SDI X ]S s X SD I x . -I x

V: s Verb .3.3 9.7uj 24 .44 8.67 26.01 8.13118.58 9 -Sr'eed i _ _II _ _ _

V-s'Ver& !0.20 3.07 10.29 2.45 10.23 2.83 10.29; 2.5
Accurac'- (

jPsvc.h omcor 18.51 6.08 18.80 8.25 19.03 7.40 17.9 6.97

Psychomc-or o 15.25 3.09 14.84 2.30 15.12 2.57 14.8S 2.91-,
Accuracy

Table A-2

INTERACTIOX, MEANS AND STANDARD DEVIATION FOR SPEED AND
ACCURACY OF VISUAL VERBAL AND PSYCHOMOTOR PERFORMANCE

IN ENTfERIMENT ONE

PHOTO PHOTO LINE LINE
2 ..; I 20 MIN. 2 MIN. 20 ,,I

i X IS ' X I s___ sDI IS r
V\ S Verb ;5.40 9.01 1 19.41 10.21 26.50 7.52 17.39 ' 9.J6
S_ _ __ _ __,_ __ _ __ _ _ __ _ __ _ __ _ _ __ _ __ _ _ I __ _ _ _ I_ _ _ __ _ _ _ _

Vi VE-'r- 20.36 3.11 9.90 3.14 10.12 2.65 10.85 1.5
Accu,,a:,,v

Psvchor-t or 117.11 4.56 20.46 7.57 20.52 8.86 14.36 -.
S T-, E-ed

Psvch<,:.,r 24.85 3.18 15.80, 3.04 15.33 2.05 13.57 2.57 p'c v M____ _ -4

IL

Ii
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Table A-3

ADJUSTED TWO WAY-ANOVA TABLES FOR SPEED AND ACCURACY

-- OF VISUAL/VERBAL AND PSYCHOMOTOR PERFORMANCE
IN EXPERIMENT ONE

SOURCE ]df MS F

Visual/ Picture Type 1 2.52 0.03
Verbal Instruction Time 1 676.15 9.00*
Test Interaction 1 29.05 0.38
Speed Error 56 75.11

Visual/ Picture Type 1 1.5] 0.19
Verbal Instruction Time 1 0.20 0.02
Test Interaction 1 4.27 0.54
Accuracy Error 56 7.87

Psycho- Picture Type 1 19.58 0.39
Motor Instruction Time 1 21.35 0.43

Interaction 1 244.90 4.93*
Speed Error 45 49.58

Psycho- Picture Type 1 8.30 1.14
Motor I Instruction Time 1 1.81 0.24
Accuracy Interaction 1 19.78 2.72

Error 45 7.26

*=-M<.05

.. 1

...................



4.08 (df 1,45) in both cases. The F-value for this same
effect on visual/verbal accuracy was 0.026, which was also
un4er the table value of 4.04 (df 1,56).

Conversely, there was a sianificant F-value foun2
for the test of effect of prior instruction on visual/verbal

t. Iperformance speed. The table value was 4.08, as explained
above, and the F-statistic was 9.00. As might be expected,
subjects receiving twenty minutes of instruction took less
time than those receiving only two. However, there is an
interesting corollary to this:

Another F-test was performe3 on the time it took
subjects to comnlete both instruction and test nn each of

the two cells. Acain the F-value was sinnificant (13.OB7
commared to a table value of 4.04), but in te occsi-e
direction. Considerino instruction time as well as test
time, subjects receiving twenty minutes of instruction too'--
longer than those receiving only two. This result is
particularly noteworthy in light of the report above that
there was no difference in accuracy between the cells.
Further analysis of the data revealed an important result in
the affective domain:

Tables A-4 and A-5 cresent the means an-
sianificance test results for the data on ratings of tas,
difficulty. The mean perception of task difficulty for
stunents receiving twenty minute instruction was comared to
the same mean for students receivina two minute instruction,
ann an F-value of 4.374 was found (the table value was acain
4.04). Subiects who received two minute instruction, thouch
they performed as accurately as their twenty minute
counterparts on the visual/ verbal test and as accurately
ann auickly on the psychomotor test, nevertheless rated
their total experience as more difficult.

Experiment Two. The research question for this experiment

was to test the interaction of instruction picture type
(pictures or line drawings) and test picture type (pictures
or line drawings) As noted in the experimental desian

section, the dependent variables of achievement and time
were studied in this experiment.

Table A-6 toresents the means for Experiment Tw:,

while Table A-7 presents the significance test results. Th
statistics of interest in this exoeriment were those testin7
the interactions between factors. All other tests simp>v
duplicated those Derformed on factor A in ex-erinent cne:
tests on the interactions, on the other hand, checKe-7 th
learnin transfer from one lev:el of instruction to tnelearnino trns esrmoelee n-r.-_cn
onrosite level of test.

i I I . . . . • - --. .
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Table A-4

MEANS AND STANDARD DEVIATION FOR SUM OF INSTRUCTION TIME
AND TEST TIME, AND MEANS AND STANDARD DEVIATION FOR

PERCEPTION OF TASK DIFFICULTY FOR EACH LEVEL OF FACTOR B
(INSTRUCTION TIME) IN EXPERIMENT ONE

2 MIN. 20_ 2MIN.
__ _ _ _ _ _ _X __ SD X sD

Summed Instruction 8.21 8.03 36.84 8.25
and Test Time

Percepion of 4.14 0.66 3.78 0.8c'
Task Difficulty

Table A-5

ADJUSTED TWO-WAY ANOVA TABLES FOR SU.MMD INSTRUCTION TIME
AND TEST TIM!E. AND PERCEPTION OF TASK DIFFICULTY FOR

FACTOR B (INSTRUCTION TIME ) IN EXTERIMENT ONE

SOURCE df MS F

Summred Instruction 1 884.37 13.08
and Test Time

Error 56 67.57

Percertion of 1 2.1- 4.37
Task Difficult:

Err: 37 4

S!



Tale A-6

MEANS AND STANDARD DEVIATION OF FACTOR INTERACTION ON
SPEED AND ACCURACY MEASURES IN EXPERIMENT TWO

SPE ACSCURACY

Ph t C) -,C

Inst ruction. 20.52 8.51 10.10 3.26

' Line

Instruction, 121 .87 8.10 10.5 2.50Line Te __ _ _ _ _ _ _ _ _ _ _ _ _

Photc.
Instruct ion, 12S.5s 9.96 10.40 2.83
Line Test __

L -i

Instruction, 2/.12 7.96 9.90 2.42
Pioto Test

1

Table A-7

ADJUSTED TWO-WAY ANOVA TABLES FOR FACTOR INTERACTION
ON SPEED AND ACCURACY MEASURES IN EXTERIMENT TWO

SOURCE 1dft MS 1 F
Speed Instructior, 1 10.91 0.14

Test 1 2.83 ] 0.03
Irteracticn 1 820.36 1.12 *
Error 56 72.86 ! P

Accuracy in .- ru-t o 1 0 03 0.0c,
Tes- 1 2.67 0.33
I Interaction 1 0. 2 0.03
Error___ 56 7. 89

P

.p



The interaction between fiztors on the accuracy
Ameasure yielded a non-significant F-value of 0.04, the table

v~iu benQ 404 aftl, dc ~ .) r, the interaction
on the sc ~ m -:ire wa s a 7;i 1-. t fl .1 2. s - e ts whs
reo:eived3 one picture tvre in Lc- r ti:d2the othrer
in their test took lon.jer to rmluethe test than tho se
who receive-- the same picture type in both. Tables A-6
presents the means and stan'iard aeviat ions for this
interaction. Figure A-4 presents the interaction
graphically.

in-oernre-ation of the results 9siod albo ve wil
r-:re a P,-nction of the psycho:r-otor test fin- inczs than of

z-oe visalI verhal test find4inas. This is beca-use the tvoe
:, traininc which the vic_-eocisc lesson use-] in the

exzoeri:7er-os typifies, is that associated with mechani call/
oroce4!:ral tasks. All conclusiors in this section should be
rea : with that in mind. Fin4.inces of each experiment will be
internrezted separat ely below.

VV~~etOne. The questions to be answered 'here were,

(1) Line drawino s and2 photographs are equally
instructive in paper- based trainina when learnino
is measure3 by visual/verbal tests; are they eoual
accordinc to this criterion in videod-isc traininc
as well?

(2) Are line drawinzs and3 photographs equally
instructive (in videodisc training) when learning
is measured by psychomotor tests?

(3) Does videodisc instruction prior to task-
performance improve learning, in comparison to a
job aid, sufficiently to warrant its use in the
mechani ca 1/procedural training environment?

The resu-lts above indicate-' that the answer tc
cueseti on on e is "yes, photographs and line-6rawinas are
ec:ua;I ly instructive in videod-isc traini'na when learning is
self-pacec ana measured by a visual/verbal test." This mean's
trat line drawinc-s and_ photographs are equally powerful in
vi-:eoDisc instruction, as well as in paper- 17_-S e
in-;- rjc-.or, when learninc: is measured3 by, visual" verbal!



Question two can be answered similarly. The lack of
statistical difference between speed or accuracy psychomotor
scores of subjects receivinc ohnto:rarhic instruction an .

those of subjects receiving line-drawina instruction implies
that photographs have no more effect on psychomotor learning

e, if than do line drawings.

Question three is less clear-cut. On the one hani,
subjects receiving twenty minute instruction completed the
visual/verbal tests more cuickly than those receiving twn
minutes. On the other hand, hDwever, subjects receivinc two
minutes of instruction took less time overall than their
twenty % -nute counterparts. If this were all the relevant
infcr:-ation in the exoeriment, a case could be m-aie for
eliminatin instruction on th.e basis of cost- effectiveness:
two-minute subjects nerformed as accurately as twenty-.in:te
surects, an dica it faster overall.

However, there is more to consider. Sub4e2ts w'-, c

received twenty minutes of instruction felt ;-ore comfortable
with the tasks than those who received only two minutes.
Also, picture type, just dismissed as of insianificant
effect, surnrisinolv contributes to a sianif_ cant
interaction of instruction time on speed of psychomotor test
com7letion. ach of these observations is discu-se4
senaratelv below.

Subjects receiving twenty minutes of instruction did
ir:e e report si-n fca-tlv more ease in task conoletio-.
than those who received two minutes. However, the size cf
t'he difference is only 6% of the possible range of opinion.
In other words, twentv-minute subjects felt they had,
collectively, tried a little less than "hard" (3.6 on a
scale of 5) and two-minute subjects felt they had, on the
w-:'e, tried a little more than "hard" (4.1 on a scale of
5). Thus, while the difference shown is probably extant in
the population of which the subjects were a sample, it
likely is of little practical importance.

This arcument cannot be used on the interaction
though- the difference between its maximum and minimu..
means is as creat as an, in the experiment. Discussion with

the observers who actually collected the data, however,
prompted this relevant remembrance: over half the subjects
had, after completinc the experiment, briefly viewed the
treatment they did not receive, and a number had commenteo
that, althouah the photographs were "realistic," the
!ine-orawinos were "clearer." The observers took this to
ream that the line- drawinos had more information in tneo
than the photonraohs.

Feview of the lessons revealed that there were,
indeed, two recoonizeable differences in messaoe cesion, if
not in content: a) the line- Orawincs ha4 arrows or otner
s'.-"oS whi ch were -i-4no in the phot o:raphs, to in-ioat&

I



the -iovE"7ent _f a part being placed onto the cable adapter;
and b) the line- drawinas contained enlarge-ents, aaain
missing in t'.e photographs, of parts too small to be drawn
in detail at the scale of the rest of the picture. (Note
that the NTSC standard resolution of the TV monitors did not
allow the photographs any more accuracy than the drawincs).

10 The photographs however, provided a better picture of the
relative size and position of the components than did the
drawings.

These asoects of the line drawin -; could have caused
confusion in subjects' minds when they were confronted with
drawings criss-crossed with arrows and lirnes and partially
covered with eniarcements. This may have been a factor in
the slower speed of psychomotor test completion by subjects
with two minute instruction. Co--\versely, these sa:e aspects
could have clarified the information to students receivinz
twenty minute instruction, since there was more information
represented per picture and the subjects could process it
relatively at their leisure.

This idea, along with the lack of evidence elsewhere
in the results supporting other hypotheses, sugcests that
the interaction may have been an artifact of the materials
rather than a bona fide characteristic of the independent
variables.

With all this in mind, there is some evidence that,
in a mechanical/procedural training environment, guiding
trainees throuch the actual procedures by use of the
videodisc may be just as effective as and more efficient
than giving them. a long period of instruction before letting
them get their hands on the equipment.

Experiment Two. The question here was whether learning from
one picture type will transfer to a visual/verbal test of
the other type as well as to one of the same type. The
answer is straightforward: while accuracy was not affected,
sneed was. Tests of the same type as the instruction were
completed more quickly than those of the opposite type.
Thus the conclusion from experiment two is that pictorial
training material should be of the same picture type as that
used in the test.

*0!
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ft IAPPENDIX B

THE LEGIBILITY OF LINE DF:W-,r S A:.D ALT.A'UMERIS

ON NTSC STANDARD TELIVISION

EXPERIME.CT III

This section re-orts an experiment performed to
define the size of visual reduction at which line drawinas,
numbers, and print typical of military traininc material
become illenible when displaved on N'-S stan4mar color TV.
These experiments were performed as ;art of research aimed
at recommendina to the Arm, Communicative Technolocy ffice
optimum snecifications for electronic presentation of

trainina and maintenance material.

The first component was desioned to define the sizes
at which actual performance was best. The second component
was designed to define the sizes which were preferred. Five
sizes of line drawinos and five corresponding sizes of text
were presented. The smaller drawinas and text were expected
to yield both poorer performance data and poorer preference
data since small characters do not resolve as well as larae
ones. The real question therefore was this: Specifically
which chance in size results in unacceptable video
presentation of material?

M: HOD

The procedures differed for each component, so each
will be described senarately7 however, subjects an'
apparatus were identical for the experiments and hence will
be described together. Size and type of graphic were the
independent variables of interest. The dependent variables
were proportion correct and legibility ratings.

Subects. Two groups cf subjects participated in the study:
Forty Briaham Young Universitv (Provo, Utah) students
solicited by, classroom announcement or public advertisement
and remunerated with a movie theater pass comprised one
sample; seven members of the Pleasant Grove (Utah)
Petroleum Pipelines unit of the Army Reserve who were aske-
to participate by their C.C. comrised the other sample.

in te BY' arc-u_, 28 (70-) of the participants were
male; of those, 26 (93i of the males, 65t of the sa-nle'
were students between the ac es of eiahteen and twenty -f i%-
and 2 (5% of the males) were faculty memrers between thc
aices of thirty and fifty. One vcun man was French an . one

I . . - ' - :. . .



was Pakistani. All twelve female participants (30% of the
sample) were students between eichteen and twentv-five veers
old. None of ther ,-ere non-native.

In the Army Reserve group, five (71%) of the seven
do participants were male; all of them were between thirty an-,

fifty years old. Of the two female participants (29% of the
sample) one was in the ace category of eighteen to
twenty-five years old and the other was in the ace catezcrv
of thirty to fifty years old. None of the Reservists was
non-native.

Ar.aratus. The trawinzs ant text were recorned on an
optical vi-eo._sc r.-sterec from a 1 inch vide tape nre~c-e
by W_'AT. The disc was played on a Discov sion M.3e

S -7S20 videodisc plaver. The player was connecten via its
aiem outmut -ac-, a codel CVM.'-1250 Sony Trinitron C1

receiver -', onitcr. This system operates on the NTSC stan.arn
of 525 raster scan lines with a 2:1 interlace refresn
pattern at a bandwidth of 4.26 me:a"ertz it yiel.s a
vertical resolution of 225 and a horizontal resolution o-
350 as read fro- a RE_.'. .!A EIA resolution chart . e n
response times were measured, a auartz chronograph stopwatch .

uwas usea.

-Materials. Seven tves of s ti-li were usec4 in -the

exoeri.-ents: 1) aircraft altimeters, 2) aircr;f
horizontal-vertical situation indicators, 3) aircraft
heaz-nz indicators, 4) voltmeters, 5) aircraft contr:
Panels, 6) passaes of text, and 7) flowcharts. For te
first four tyces, sub ects were aske: to reac a numoer
incicated by the needle or pointer on the instrument.
Sub-ects were asked to rate the fifth type (control panels'
on the lec-ibilitv of knot settinc labels. For tves six an-
seven, subjects were simply asked to read the text. Each , c
these types was presented at five sizes, chosen to present a
range of legibility from easy to impossible.

Size was measured by heicht of characters in TV scar
lines. Table B-I presents the seven tves cf stim-ulus
materials ann five sizes of alphanu-erics. Note that toe
altim-eter is Iar:er than other materials at each re':aI ve
size, an4 that text was also somewhat lafmer. The alti oi7
container two distinct sizes of text. Su -e.ts ,,
explicitly directe4 ann trained to rate the larer size, a:-.-
it is this size which appears in Table £-.

Sus e-- ts art ici nated one at a time. Each s :-e:
was seate 27 inches fro.- the 7V screen, rat .s t
roe _closer or farther away as ccmfort dctat e , .
scr -ect was asked to read four dials (sti,-u!-* t
throu -h 41 at various reainos an' sizes. Es-F'e -"
stia ii were rresente., an ex: 2e of L-a i: at:7,-.

r sst s:ze w"'as shown an , sr -erts were to> h'"..
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AT .ACH SIIE F. IAC. Si 

I.SIZE SIZE SIZE SI2 S'

ST i MV'IU S 1 2 3 4 5

1. Al i:--eter (ALT) 15 1P 21 2E 3,-

2. Horizonal7-
verticfl indicto~r 4 5 4

3. ":'-n c~ rniizanr (H:) 4 5 ]2II

4 ~. Vo!':-ezer (\':) 6 8 9 14

5. Control ianel (CP) 4 6 8 10

6. Text (7) 9 10 13 1 S

7. F a FC 5 6 8 12

6i

. . . ..I_-



it. When the subject indicated confidence in readina each
A dial, a randomized sequence of dials at various sizes an:

realinqs was presented. The time it took the su et to
read each dial was measu ed and recorded. Each answer w:s
recorded as correct or incorrect as well. This coroon
usually took about five minutes.

0 To evaluate subjective preferences for different
display sizes, each participant was shown all seven stimuli
at every size and readino. Stimuli were presented in
alternatino order from large to small and then small to
large. Subjects gave each picture a legibility rating on a
scale of 5 to 1, 5 beino readable but too bic, 4 einc
ideal, 3 beino readable but too small, 2 beinc only
partially readable, and 1 beino unrealable. Subjects were
told that a) thev' need observe no narticular or -r in tn _r
ratincs even thouc. the stimuli would be presented in lar:e
to small orcer, a n2 b) th.ev shoul!d rate each ,i c ure
accordina to how well thev could read it and not accorinc
to whether or not they" knew what it said (since they always
saw the larcest size first). Each stimulus was then
presented and rated. This c=.ocnent usually took about ten
minutes for each presentation order.

RESL TS

Table B-2 zresents the averae resonse times an:"
proportion correct for each display dial size for each
sample population. This table shows that response time an-
errors increase as the displav size decreases. Display size
4 appeared to be omt~mum size for lower response time an:
fewest errors.

Ficure B-1 presents the leoibility ratinas for each
type of material at each size. The decrease in lecibilitv
rating is basically linear for decreasina size, in the ranne
selected. Note, however, that the altimeter at 15 scan
lines size receives only a modest ratinc, while other types
of indicators at 15 scan lines receive a very high ratine.
This may be due to subjects ratinc the smaller text in the
altimeter graphic. Table B-3 presents the mean percent at
each preference for each size. A sharr break occurs for
sizes 4 and 5 -etween ratincs of "Feadable but small" an'
"Ideal."

D IS :SSIC
Ficire £-2 rc' .. ' an atracte' reCati--s i

between character he ih: ir. s:,n lines an pr: -e:eC. C
ratin:. This curve s trather well,
corroborates r e:ae s s W." oh f ind that 10 to 2.
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Table B-2

M5EAN RESPTNSE TIME AND PROPORTION CTPRECT
BY DISPLAY DIAL SIZE

College (N=40) Army Reserve (N=7) P

Response Proportion Response Prooortior.
Time Correct Time Correct

S~al

1 10.53 .67 10.49 .52

Displav 2 6.49 .79 10.42 .83
Size

3 4.80 .94 6.35 .93

4 4.71 .96 6.05 .92

5 4.91 .87 7.01 1.00

Larce

• °

.

S



* szan lines is an excellent choice for lenibility. Fic-'re
E-3 r r05:s:s a si rlar curve for proportion of correct
rez -onses in relation to character hel :t. [ote that size
can beco so larce that subiezts teciin to ]ake yore errors.

This research motivates sone tentative conclusions:
Text ano araohic elerents should be neasured in scan lines
an3d should be at least 10 lines in heiaht. Materials
develoo:7ent should eneral iy ensure that where type sizes
are .7ixez:, that all are at least 10 scan lines hiah an.1 that
rare!y are very larae fonts (above 14 to I6 s-an !ina s usef
for text.

... .I.. . .... . .... .!



TABLE B-3

Percent of Each P eference Rat ing
at Each Size

SIZE

Small 1 2 3 4 5 Large

Unreada-le 1 59.6 17.9 2.0 0.2 0.0

Fart 1j v
Readable 2 19.4 33.0 14.3 1.7 0.1

Readable
but small 3 14.6 31.1 40.0 18.0 0.8

Ideal 4 6.4 13.5 40.1 70.1 53.0

Readable"

but large 3 0.03 0.5 3.0 10.0 46.1

3.-1 . 4 .
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APPENDIX C

EXPERIMENT 4
RESOLUTION REQUIREMENTS FOR TRANSFERRING PRINTED

MATERIALS TO AN ELECTRONIC DELIVERY SYSTEM,I.
"" '. Electronic delivery systems must be capable of presenting a

wide variety of visual and text displays which are currently
available in paper text and textbook form. The conversion

S£.of print materials to electronic form may be accomplished
through photographic reproduction or several alternative
reformatting approaches. Photographic reproductions
requires a television camera, a video storage system and
an electronic display device (CRT). Reformatting of visuals
and text for electronic displays can be done through either
digital scanning and software reformatting, or video
character generator reformatting. Using a video character
generator WICAT Systems in Orem, Utah has demonstrated the
feasibility of reformatting lessons and courses from
technical manuals to electronic form for videodisc display.
The Illinois Institute of Technology Research Institute
has been conducting research on digital scanning and soft-
ware reformatting of visual and text information. Both
projects are supported by the Army Communicative Technology
Office (ACTO). Photographic reproduction of visual and text
information for use with electronic displays was the focus
of the present experiment.

The study was designed to identify the video bandwidth and
scan line rates necessary for effectively presenting visual
and text information folloving a photographic reproduction
process. Current research indicates that the visibility
and legibility of a CR7 display is a function of both the
video bandwidth signal and the scan line rate (Shurtleff.
1980: Snyder, 1980: Sherr. 1979; Task, 1979). Ericksor.
(1978), Snyder (1974), and Shurtleff (1980) specifically
propose that the use of medium and high resolution line
rates (greater than 525 scan lines) can increase the
display image quality and improve viewer performances.

Existing research also shows that standard NTSC displays (525
lines) have a line rate resolution that is less than or
eaual to the resolution of the printed page (Stewart, 1976;.

The present study investigated the raster scan line rates
and video bandwidth settings which were necessary for
effective electronic display of video and text information.
Three raster scan l:ne rates and five bandwidth setting
were usec.



Me t hod

Subjects. Two samples of subjects were used for this
experiment. The first sample consisted of 59 students

je and/or faculty at Brigham Young University. The first
sample included 38 male and 21 female subjects with an
average age of 22 years. All subjects had normal or
corrected 20/20 vision. The second sa,:,ple consisted of
12 Army Reserve personnel from the Plea.ar, Grove Army
Reserve Unit in Utah. The second sample included 10 male
and 2 female subjects. All of these subjects had normal
or corrected 20/20 vision.

Apparatus. A closed-circuit television system waS used
for the study. The svstem included a Cohu 7120 High-
Resolution vidicon camera and a Conrac QQA 17,,c monochrome
video monitor. The bandwidth and scan line rate were
controlled from a Cohu 7932 Hich-Resolution Monoc'hrome
Television Camera Control Unit. Scan line rates of 525,
945 and 1225 lines were produced using both camera and
monitor controls.

Alternative bandwidth settings were presented by inter-
changing the components of the Bandpass Filter Assembly
on the Video Processor circuit board. The experiment
involved five bandvsidth settings, of 8. 12, 16, 20, and
32 M!Hz. When the bandv,:_dth filters and coils were received
we contacted the manufacturers to check the codes for the
bandwidth filters and coils. The cod's checked out for
all components except for one electronic coil for use with
the 12 MHz filter. The ccmpany had no record of the codes
used on the coil. The coil was used in the experiment as
though it was the correct coJl.

Besides the available lighting that each experimental
room provided, two floodlamps with soft-white, 100 watt
light bulbs were used to produce an ambient light of five
footcandles at the target surface.

Stimuli. Five experimental stimuli were selected from

military training handbook_-. A brief d-scrirtion of each
stimulus is gFven belc;,.

a. Black and white o!at:raph m a lalltar
weapon system Suitcasz- SagcLer Antitank Guided
Missile: TRADOC' Par 71- , p. 3-30-7.

b. Page of st and:rc! text Mii-.,-387S4A. p. 37.

C. Gray scaie-ci,-J fl, dh "]- LCT --
p. 16 3.

. ..



d. Page of text with alternative type fonts: Precaring
Text For Printing, MIL-HDBK-63038-1, D. 15/20.

e. Large Photograph: Telfare Device (Machine gun strap
on mount); TRADOC Pam 71-9, p. 3-17-15.

The TV camera was focused on each stimulus so that the full
page appeared on the TV monitor. Because of the ratio of
length to width needed for presentation of 8 " x 11" displays,
the monitor was placed on its side. The standard 3:4
monitor aspect ratio was thus changed to a 4 to 3 aspect
ratio.

Exoerimental Desian. The subjects viewed each stimulus
described above at bandwidths of 8, 12, 16, 20, and 32 ..Hz;
and at scan rates of 525, 945, and 1225 lines. The variables
of the system were combined into a 5 (bandwidth) x 3 (scan
rate) x 5 (stimulus) matrix to produce 75 different exer--
mental conditions for each subject.

For the first sample, the order of bandwidth presentation
was randomized, while scan rate was not. The scan rate for
each bandwidth was incremented from 525 to 945 to 1225 lines.
For the second sample, the order of both bandwidth setting
and scan rate were randomized for each group of subjects.
The order of presentation for the five stimuli, however,
did not vary for either sample. The presentation order for
each stimulus at each settinc was from stimulus (a) to stimulus
(e) in descending order.

Procedure. The subjects were seated in groups of two in
front of the TV monitor which rested on a table directly
before them. The monitor was placed at approximately 28 in.
(70 cm) viewing distance (as suggested by Bean, in press).

Each group of subjects was introduced formally to the system-
and briefed as to the objective of the experiment. The
subjects were then shown the five stimuli to be used during
the experiment and were told to rate the quality of the
reproduced image (versus the original) each time it appeared
on the TV monitor. Subjects were asked to mark their responses
according to the following scale:

7 Excellent. The picture on the screen is of the
same quality as the original.

6 Very good. The picture is very clear, but not
quite as clear as the original.
Good. The picture cualit' has diminished somewhat
but is still more thn adecuate.

4 Fair. The picture is of adequate quality.

3 Poor. Picture aualitv has diinished to bc2:w-
acceptable st~ndaras.



2 Very poor. The picture is no long.r fully lecible
and is uncomfortable to watch.

1 Unacceptable. The picture quality is not acceptable.

Subjects were next shown each of the stimulus materials in
paper form. The subjects were told that they should rate the
overall imaze quality of each display oresented on the
television display.

In a tyPical test trial, one of the five stimuli would
apnear on the TV monitor under one bandwidth/scan rate
condition. Each subject was allowed to view the picture
as long as necessary and would then circle the imaee
quality ratina correspondina to that stimulus and that
setting. The experimenter then removed the picture From
the monitor, leaving a blank screen, and inserted the nex:
stimulus. After all five stimuli had been seen under one
bandwidth/scan rate combination, the experimenter changed
either the scan rate or bandwidth in accord with the
exoerimental design.

Durinc the test run, subjects were permitted to ask
questions concerning the procedure; however, only those
questions whose answers were not felt to prejudice the
outcome of the experiment were dealt with immediately.

Results

Descriptive statistics and a three way analysis of variance
were calculated for the major factors of bandwidth, scan
line rate, and research samples. For generalizability
purposes all factors were assumed to be random factors.
The dependent variables were the legibility ratings for the
five stimulus displays, plus a sixth summed scale across
the five displays. The RUMMAGE statistical package was
used for analysis and an adjusted rather than sequential
analysis of variance was calculated where each term was
tested last in the model (Scott, Bryce, and Carter, 1980).

Interaction plots of means and F statistics were examined
for each of the five stimulus displays and the summeze
scale. The results from the summed scale are presented
in detail below and the results from the five stimulus
disolavs are summarized to identify general patterns of
results. The same general patterns of results were found

on the sumced sca:e as on the five subscores.



Five major patterns em-rcd from the analysis of legibility
ratings for the five stimulus displays. First, the ratinas
for the 525 line rate were significantly and consistently
lower than ratings for 945 lines and 1225 lines. Second,
the ratinas for the 20 and 32 MHz bandwidths tended to be
higher than the ratings for other bandwidth setti-gs.
Third, the Army Reserve population ratings were consistently
hiaher than the ratings of the college student and faculty
sample. Fourth, the three photograph and line drawing
stimuli had higher legibility ratings than the two text
paces. Fifth, there was a pronounced drop in leaibility

* ratinas for the 12 MHz bandwidth setting.

Table C-I presents the means and standard deviations for th-.
summed scale; Table C-2 presents the three war analyvsi
of variance results.

Table C-2 shows sicnificant effects for the factors of bandiidt-,
line rate, and subject group. Figrure C-1 presents a plot o!
the cell means for each bandwidth line rate, and subject
group. These plots show that the 525 line rate was less
legible than the 945 and 1225 line rates. The 20 and 32
MHz bandwidths were rated highest for legibility. The
reserve group ratings were generally higher at all levels
than the college student and faculty sample. Table C-3 provides
the analysis of variance table across the five stimulus
displays. This table shows a significant effect for
stimulus displays (F4  1064 = 153). Table C-4 presents the
relevant means and standard deviations. This table shows
that the photographs were judged as more legible than
text paaes.

The five stimulus displays and the summed scale also
showed a slight drop in legibility at 12 MHz. As
discussed above this result may have been due to an out of
tolerance electronic coil in the 12 MHz bandwidth filter
assembly. There was also a slight drop in legibility at
32 MHz. Since the monitor was designed to run up to 30 Mhz,
the 32 MHz filter may have been incompatible with the
30 MHz monitor -'ectronics.

Discussion

The above results indicate that the standard NTSC 525
scan line system does not provide sufficient resolution for
effective display of full page graphics and text from
technical manuals. The above result was more pronounced
for the text pages than for the protographs and graphics
pages. Photographs and graphics paces were rated much
higher at all settings than were text pages. This sugacsts
that text to CRT conversion would reouire higher resolution
than visual graphics conversion. A scan rate above 525
lines is needed for full text pc( to electronic raster scar
disPla- conversion. The 945 line rate ujd in the ri>
exreriiment did nrovide sufficipnt text ani -ra- .hic P ,- 5,



Table C-1
,j:,,ns and St andard Deviat ions (in Paronthesos)

ft- College Group

Bandwvidth MHz

6 S 12 20 32 TOTAL S

3.2 2.6 2.5 2.4 2.6 2.7
525

(.13) (.14 (.14) (.14 (.24 (.92

4.8 4.4 4.3 5.0 4.7 -. 6
9454 ,-_ (.14) (.14 (.14) (.14 (.24 (I.25

4.5 4.1 3.7 4.5 4.7
z 1225

-- (. 14) (.14 (.14 . 14 (. 4 (1 119

TOTALS 4.1 3.7 3.17 4.0 4.0

(1.26) (1.34 (2.36, (1.53 (2 .34

Arm: Reserve Grout:
Bandwidth ,H.

6 _ " 12 21 3, TC:A! i

3.8 3.2 3.0 3.8 3.6 3.5 ,525

.31 (.3 (.31) (.31 (.31 .86

945 4.7 4.7 5.9 5.2 5.3

- .3 ) .31 .3 (.31) .3(.31.f '

z 1225 5.7 5.0 4 5.7 5 .8

- (.31). 313 1)(.31 (.31) .9-

TOTAL 5. 4 . 4.0

( .]6 (11 3 (.15 (1 .22 ( .22



Table C-2
Adjusted Analysis of Variance Table

, .

SOURCE DF SUNM OF SQUA-,ES ..AN SQUARES F

Bandwidth (A) 4 69.28 17.32 15.39'
Line Rate (B) 2 42S.11 214.06 190.14A
AB C 17.26 2.16 1.92
Subject Group (C) 2 95.35 95 34 8L.7C0
AC 4 10.14 2.53 2.25

BC 2 2.74 1.37 1.22
ABC & 3.23 0.40 .36
Error 2035 1165.16 1.13

<.05

Table C-"-

Analysis of Variance Across Stimulus Displays

Source df SS MS F
Stimulus 4 1560.05 390.01 152.98*
Error 5320 13562.85 2.55
Total 5324 15122.90

•WoL 0

Table C-4
Means and Standard Deviations for Stimulus Displays

Stimulus Stimulus Tv:oe X SD
e Photograph 4.72 1.50
a Photograph 4.39 1.49
c Line Drawinc 4.12 1.65
d Text 3.53 1.70
h Text 3.25 1.62

Kt
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A The 20 and 32 MHz bandwidths were preferred across all
stimuli and the summed scale. The conclusion arising
from this study is that a 945 line rate, 20 M.hz system
is capable of direct photographic page to CRT display
conversion for standard page sizes. Shurtleff (1980)
also recommends a high resolution (945 lines or higher),

1O high bandwidth, and four to three aspect ratio system
for presenting pages of text on electronic displays.

Recent research has been conducted on high definition TV
with 1100 - 1500 scan lines using high bandwidth and
digital storage and retrieval (Fink, 1980; Fujio,
1980; Sherr, 1979). These technological breakthroughs
suggest that the medium and hiah resolution systems which
are rare and costly today will become more plentiful
at lower cost in the near future. With high definition TV
systems (either dicital or analog), photographic conversion
is possible for changing of paper-based texts to electronic-
ally presented displays.
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APPENDIX D

A C'PRSNOF FI''R ry.,ES OF USER IPY
FOR F:Y.C'FRcNIC) EL I VE:RY S Y S :>S

.4 EXPER:MENT %'

The component of an electronic delivery system (EPS)
which most visibly--pernaps most power.fully--affects the
system's speed! and accuracy of operation is th-,e instrument
of user innut. The inout menium is the crucial link between
the real world arid the svstem. s-" it is crucial to nse
th e aoetion of which , rediu7, or oiaavailale to~av
or in the n ear f u tu re yeld4s the hi-irest a cc,-ra cv a:n
shortest renneti:e.

To answer this question, WICAT teszted sub e::s
chosen for their sim-ilarity in a:ne an,- enuza, or. to actual
enlisted] men. Four innut mecia w .hich renresent the oresent

1state of '!i:iit a 1 nnut t e c-nol o:7,- were tested-: 1) a
stand4ard ASCII a I D-a nu-,e ri1c k eyvbo ard-, 2) a fifteen key
keypad, 3) a S4-mu lated touch-sensitive TV screen (hereafter
referred to as a to:uch panel), and2 4) a sim-ulated voice
n nu . system-7. In an effort to arroroximate an actual Armyv
use situation, content tYnical of that presentlNy use6
throu--hout the Army was the stimulus in the exnerim-ent.
Finally, the exr'erimental rocedure was desione2 to assu.re
accujrate measurem.ent of the deennent variables ofr resoonse
time anul accuracy rate. in the followino oaragraons each of
these commonents will be d5escribeda further.

Subjects. Two samples of subjects participated in the
experim7ent: a sample of high school students ann a sample
of Army R07TC studients. The demograohi cs of ea ch s am-re
differecd, so each will be described separately. Some
sub_.-ects from eacn sam7ple participated_ in each cell of thie
exreri-.ent 7 this c rcs s ino of samo-les withi Cells will1b
r eTn rte as wel,.

Tne hic- school sam7rle was obandby sett ino u
the ex-reriment i,,i the T-en;mIa center of Orem7 E-in-h Schrr17
(Cre7, UT) an- recru 4t nC s tu en ts f rom an a cqv a nc

P4 Ia :7e en t bi 01o class. O0 the 22 students r
nr- 1nae,20 (c)were m.ale an- 2 (10O. were f e 7ac
T. -. -'eane -n -f th - 2E~r as .4 years. There wr,:

s 7,: r ener r i 7. ~e r. t - thE-s £t2et s th-ey were
to r-e r el e;.s E: fru c-: s :c w~r:wt an in t e r

V1eC:sc s,**5* t e



The ROTC sample was obtained by setting up the
.experiment in the text issue office of the ROTC buildinc at

Brigham Young University (Provo, UT) and recruitina stuents
who responded to in-class ann7e'n-:e: ts, or to a.n
advertising poster in the lobby. Of the 32 persons who
participated, 29 (91%) of them were male students, 1 (3%)
was a male staff member, and 2 (6%) were female students.
The averaqe aae of the samole was 23.2 (sd=3.3). The
remuneration promised to the ROTC subjects was simply the
chance to learn part of the Call for Fire skills they must
know to araduate from their officer training, and to learn
in a more engaging way than they otherwise might.

The samples were mixed in the following way in the
actual experiment: In comparing the keyboard with the
keypad, RqT_ subJects were used in comnarinc the touch
panel with the keypad, 4 ROTC subjects and 10 0rem hih
school subjects were used; in comparina the voice in.:t
system wth the keypad, 3 ROTC subjects and 12 Orem hioh
school subiects were used. In each comparison, the subjects
used one method for each half of their learning time and for
each half of their test time.

Arparatus.The apparatus of the experiment was designed to
simulate one possible EDS configuration. Thus, the system
was a computer-based, interactive videodisc teachina system
The system was not one unit, but rather a prototype union cf
several devices: 1) a laroe mini-computer, 2) a telephone
modem, 3) a computer/videodisc interface, 4) a videodisc
player (and disc), 5) a TV monitor, and 6) a modified
keyboard. This system is illustrated in Figure D-1, and
will be described in the following paragraphs.

The computer used in the experiment was a DEC
Systems VA.X 11/780. This room-size computer was chosen to
drive the system not because the proposed EIDS would reauire
that much memory, but because the authoring language which
WICAT was reauired to use for the content videodisc (PLAN:T)
could not be supported on a smaller system.

PLANIT is the computer assisted instruction (CAI)
authorina language used to develop the courseware which ran
the experimental system. It was developed by System
Development Corporation (Santa Monica, CA) under a contrazt
to the National Science Foundation awarded in 1968. The
Army Research Institute (ARI) adopted it as the language for
its CAI development shortly thereafter.

PL72::T was used for all courseware develorment
associate- with another contract which WICAT conducte] f:or
AR:. The lesson materials from that pro~ect were use. fzr
this experiment. Thus WIC.A develone4 a PLA.,T front e-n4 tc
process videodisc controller coan ds. We used t*-s

Sodified languace in the Call for Fire instructicna

q
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development.

Since the experiment was ta ken to the sWe:t s
instead of bringina the sutle :-s to the ex-eri:ent, t_._
equipment was, with one exception, portable. That ex'cption
was the computer (described above). To allow co mmunication
between the computer and the other conponents, a ComiData

do model 302A2-13 telephone modem was used. It ran at 300 Baud
(a slow speed for computer com.-nunication).

The modem was connected to the computer/videodisc
interface. The computer transmitted diaital inforrmatonr.
over the telephone through the modem to the interface, which
then sorted and transmitted the information to either the
videodisc player or the monitor screen as appropriate. The
interface had the capabilitv of mixing (by use of a Texas
Instruments 9918 intecrated circuit chip) the analoc videc
output of the videodisc player with the dicital video outnut
of the graphics generator in the interface. They could be
presented simultaneously on the monitor screen, one
superimposed on the other. This resulted in substantial
interweavina of the characteristics of normal
comouter-assisted instruction (CAI), such as answer
processing, multiple branching, and guidance feedback, with
the television video output and high fidelity stereo output
of the videodisc. The player itself was a Magnavox
model VH8000CH01 videodisc player which had been modified by
WICAT to ooerate from the interface (as well as from its
front control buttons). A videodisc on artillery Call For
Fire skills was presented. The disc was produced on one
inch videotape at WICAT and mastered and copied by SONTY in
Japan.

The TV monitor used in the experiment was a Son%,
Trinitron model CVM- 1250 color receiver/monitor. It was
used in the direct video monitor mode. The monitor operate:
at NTSC standard scan rate, bandwidth, and refresh pattern.

The last component of the system was the keyboard.
It was made up of two parts: a standard ASCII keyboard and
a modified, 16 key keypad. Thirteen of the keyboard keys
were used, each of them interpreted by a symbol table in tne
PLANIT front end (added by WICAT) to mean some word or
phrase corresponding to a required response at some point in
the experiment. Each key was labelled with its meanino.
Even thouah the experiment tested four input media, the only
real input device was the keyboard, the touch panel an!
voice input were simulated.

The net result cf all these components worzinz
toaether was as follows: the sut-ect was presented with
audio-visual instruction, oractice, or a test via the
monitor. Instruction was punctuate by stops where a
response was required. When the subnect made a response the
presentation continued with the next disnlav denenent or.



the content of the subject's response.

PROCF ...RE

The experimental design dictated a procedure which
consisted of three parts: the assignment of participants to
a cell of the treatment, the prefatory explanation and
directions given to each subject, and the actual
administration of the treatment. The experimental desian
and each part of the procedure emerging therefrom will be
described below.

Exnerimental Pesien. To understand how sbects were
assicned to cells, the different cells must first be
aistinouishen fror- one another. The ex-eriment was built
hierarchically, the inexpensive input media being comoared
with each other first, then the "winner of the heat" beinc
compared to each of the more expensive media in order of

their price. This was done to give some consideration to
the role price will undoubtedly play in the final selection
of input medium for the EDS. A hypothesis based on
practical considerations is that, of the two inexoensive
input mecia (the keyboard and keypad), the keypad would be
both the faster and more accurate medium. Thus, comoarina
the two simulated inout media to the keyboard would be of
little value. As a result, an experimental desian of three
cells was used where the kevad was compared to each of the
other three media. Table D-2 illustrates the desian.

Assionment of Subjects to Cells. Also noted in Table D-1 is
the number of suciects per cell per sample. Note that the
ROTC sample fills the first cell and the Orem hiah schoco-

sample dominates the second and third cells. This is a
result of the method of assigning subjects to cells.
Subjects were assigned to cells predominantly on the basis
of when they participated in the experiment. Cell 1 (the
comparison of keyboard with keypad) was performed before
cells 2 and 3. The ROTC staff offered the cooperation of
their students before Orem hich school did, so ROTC students
became the subjerts for cell I. It is for this same reascn
that Orem Hiah School dominates the latter two cells.

Prefatory Instructions and Directions. Subjects were taken
throuch the exreriment one at a tive, with a proctor in

constant attenJance. Subjects were first seated before tne
monitor. They were told that they would be instructe4 in a
technique for ad]ustinc artillerv fire nresentlv use4 in the
Army, and that they would be tested at its end. They were,
however, assured that the test results would reflect or, the

syste, they. were learnin- fror and not on them,. The were
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Keypad

n 25. Kevboard ROCn=25-

nOrem

n 4nROTC = 4
Touch Panel n= 14

n Orer = 10

ROTC 3

Voice Input n15

n orer = 12

Table D-i

Design of Presentation Features
E'xneriment Fave
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told, in addition, that since the system was a prototype,
its proper functionino was easily disrupted, and that they
should be careful to follow explicitly all directions which
appeared on the rm-nitor screen. They were then told that
they would be using the two input media indicated by the
cell to which they were assigned, one for each half of the
instruction and one for each half of the test. They were
then told which input medium to begin with and asked to
start the instruction.

Content. Every subject received the same content and test.
The instruction was arranged in a

* Rule-Examole-Practice-Feedback sequence, and there were
three rules to be learned: calculation of an
Observer-Target (OT) factor, deviation correction, and ran-e
correction. For each rule, the imoortance of knowina how tc
use the rule was exolained; then the rule itself was given

j visually with some audio reinforcement as well. Next, one
or two examoles were given, depending on the concept; and
finally four or five practice problems with feedback were
given, again depending on the concept.

When all three rules had been learned, subjects were
given five simulated binocular views, each with a taraet and
exploding artillery round, and asked to correct deviation
and range so that the next shot would hit the target; this
required use of all three rules. Corrective feedback was
provided with all practice problems so that an incorrect
answer would elicit yet another example of how to correctly
solve the problem. All practice problems were created to
reflect the entire domain of range correction problems
encountered in the field with the exception of corrections
for altitude changes of a taraet.

After this, subjects were presented with a fourteen
item test where all items were identical in format an"
skills level to the five comprehensive practice items
immediately preceeding them. There was, however, no
feedback of any type given for the test items. As an added
precaution against untimed study of any items a title header
which completely covered the screen was inserted between
each problem and held on the screen for approximately five
seconds. Also, the monitor screen was blanked between the
seventh and eiahth items to prohibit casual study of ite7
eight while chancing input medium.

Administration of Treatments. The order in which inrut
mecia were used durinc the experiment was balanced in the
followinz manner. The choice of which medium to have eacr.
subject begin with was first made by the flip of a coln:
after that it was alternated for each subiect.- Half way
throuah the experiment each subject was asked to chance
input media. At the beainnino of the test every other



subject was asked t chanoe back to the first rredium, the
4 choice for the first subject acain being made by the f li of

a coin; the re,,aininc suhects ccntinued with the me.iun
they were current ly usinc. All s ,: ts C.hn:, n
medium again half way throuch the test.

The methods of simulatinio the touch-sensitive TV
(to screen and voice inout system were as follows. For the

touch panel, a strip of acetate with letters representini
appropriate word or phrase responses printed on it was fixed
vertically to the left edoe of the sreen, across the botto-
of the screen was placed a si:-ilar strip printed with the
numerals 0 throuoh 9. Wh en a resnonse was in:icated,
subjects would touch the letters and numers on tne s:creen
which reoresented their answer, and as they tou :he tr-e
screen the proctor would tvoe the sa:-e answer on the
keyboard.

For the voice input system, subjects sim .iy snok:e
their responses and the oroctor typed them. The si:-ulatior
was further enhanced by requiring subjects to use only the
words and phrases cesicnated in the lesson, and to sional a
carriaae return by some word of their choice use_
consistently throughout the lesson. It should be noted that
the proctor was sufficiently adet at typing to keep up with
most student responses, so that his typing was rarely a
factor in lengtheninc the response time.

The enen"ent variables of resoonse time ano error
rate were measured witn a quartz chronograph stopwatch, but
measurements were taken only durino the test; it was felt
that the instruction and practice should orovide time for
subjects to become accustomed to usinc the s vste:,,
particularly the input meia. For each test item the
proctor measured the time from initial presentation of the
problem to final entry of the subJect's answer. All screer.
erasures, and pauses for thought were included in the
response time measurements; this was not thouzht to be a
problem since all input media were used on all problems, ani
the more difficult items which required more rumination were
responded to via every medium, thus distributinc their
effect evenly over all measurements. An error was define
to be an incorrect answer entered by a subect. Screer
erasures were not counted as er:ors since the" were nct P
entered.

After they comrleted the test, sun e:-ts were as1e2
which of the two innut me:ia the',, oreferrec. ",e% were then
encouraaed to explain their choice Thi in -2rmation w a
recorded by the proctzr.

I



Homogeneity of Subjects Within Cells. A comparison of
keypad response times and accuracy rates among cells served
as a check on the overall homogeneity of the subjects who
had been assiined to the different cells. Sianificant
difference between cells in keypad performance (the input
medium common to all cells) would indicate a cell-by-medium
interaction. Thus, analysis of variance was performed on
the mean keypad response from each of the three cells. As
is illustrated in Table D-2 below, the F (df=l,53) value of
the response time means was 0.34 and that of the accuracy
rate means was 0.49; this means there were no sianificant
differences between cells for either response times or
accuracy rate. These results were taken as evidence that
there was nothing about the cells which constituted a
confounded variable in the analysis. Specifically, there
was no evideence from this data that the assi n-'ent of

students to cell 1 and Orem High School stu:"enns
predominantly to cell 2 confounded the results in this
analysis.

Resoonse Times. Analysis of variance was performed on the
mean response times for the input media, and the results
were as follows: An F (df=3,50) statistic of 25.46
indicated significant differences among the means, and a
Ne-an-Kuels multiple comparisons test showed that 1) the
keyboard response time mean was significantly longer than
all the others,and 2) the voice input system mean was
significantly shorter than all the others. The keypad and
touch panel showed no significant difference. These results
are su.--marized in Table D-3.

Accuracy Rates. Analysis of variance yielded an F (df=3,50)
value of 1.18, indicating non-significant differences in
this set of data. Voice input produced the most errors,
ever, when filtered through a human listener who could
ingnore noise and interpret different accents and
inflections. This difference was not significant in the
experiment, but it should be noted that with a mechanical
voice input system, the error rate could easily be much
hiaher. Thus these data should not be taken to mean that
any voice input system would produce as few response errors
as a keypad when used with an interactive, job trainin7
videodisc. See table D-4 for a summary of this data.

Preference. Preferences were determined in this study by

asking each subject which of the pair of input media use-
was preferred. Thus all preferences were determine- bv
comparing the keyboard, touch panel, or voice input syste:

with the keypad. However, preferences were approxiate7 V
equal for all media except the keyboard, which was preferrer
by only two people out of twenty-five in that cell. Since
the binary distributions formeA by these ratings were

S.



Table D-2
RESPONSE TIMTS AND CORRECT RESPONSE RATES

FOR KEYPAD USE BY CELL

TO'~ AE vs
'EYBOARD vs KEYPAD! _KEYPAD i!VOICE vs KEYPAD F-TEST

x~SR1  SD x - ~~D S~ D MS F
Resr~~r~s1 142164 .04 1.~97 .i MTl7 0.34

Time S40

Correct
Respon 0.9 0.297 0.89-1 0.3041 0.933 0.251 MST 0.0402 0.42

____ ___ ____ __ ____ __ _ _ M EI 0.0S23 _ _ _

Table D- 3

MENRESPONSE TIMES FOR EACHi INPUT MEDIUM

INPUT RESPONSE STANDARD IiF-TEST
MEIUM L* T IME IDEVIATION ___ MS F

Keyboard 14. 12 8.56 MST 1263.3 25.4-l-

0Kevpad 1.0. 15 6.391 M S E 49.6

Toucho-anI 1.00 7. 62

Vo i 0e Inr 6. 7P 5.24

N ewma n - F:u 1: 1-, KI TI, VI
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Table D-4

MEAN ACCURACY RATE FOR EACH INPUT MEDIUM

INPUT CORRECT STANDARD F-TEST
-MEDIUM RESP. RATE DEVIATION MS F
Keyboard 0.88 0.319 MST 0.1127 1.18

Keypad 0.910 0.286 MSE 0.0957

Touch Panel 0.888 0.317

Voice Input 0.848 0.361

I

Table D- 5

COMPARATIVE PREFERENCE OF KEYPAD TO EACH OTHER
INPUT MED] U."

Z-TEST
NED I UM cic WIO H WHO OF HYPOTHESIS

COMfPARED PREFERRED PREFERRLED THAT PP;R FL M.N C 5
TO KEYPAD KEYPAD I OTHER MEDIUM ARE EQUAL

Keyboard 80.0 20.0 4. 200%

Touch Panel 50.0 50.0 0.000 -.

Voice Input 46.7 53.3 0.258

Ee



approximately normal, a z-test was performed to test these
.6 differences in preference in each cell. The oreat disparity

between keyboard and keypad preferences (cell 1) was
significant, with a z value of 4.20; preferences in cells 2
and 3 showed no siQnificant differences. These findinas are
summarized in Table D-5.

I- In summ.ary then, the simulated voice input system
yielded the shortest response times, followed by the keypad
and touch panel, with the keyboard yielding the longest
response times. There was no difference between the four
media in accuracy rate, but this finding is not applicable
to voice input with mechanical systems in aeneral. Each
system has its own inherent error rate due to factors not a
part of this experiment. The only significant difference of
preference between media was the low ratings returned on the
keyboard.

DISCUSSION

One element of the experiment which affected the
results to an unknown dezree is the fact that two of the
inout media were simulated. For instance, subjects
occasionally made comments like this: "I'd have liked the
touch panel more if it were real." Thus, it is unwarranted
to assume that the simua:tions were totally effective;
there was an artificial atmosphere about the touch panel and
voice input.

As an adjunct to this study, the project team
investigated a number of voice input systems, including the
Heuristics, Interstate, and Threshold systems. Prices were
obtained for the cost model. The error rates on all system
but the expensive Threshold system appeared to be much
higher than the 15% observed in this simulation.

An aspect of the experiment closely related to that
above is the artificial ease with which the voice input
system operated. Actual voice input systems usually require
training, both of the user and the system, where the
interactions of voice and word idiosyncrasies for each
individual user are determined and stored in the system's
memory. Even after this extensive trainina the "hit rate,"
or percentage of user inout words which are correctly
interpreted by the system, is not perfect. Added to this
inaccuracy is the complication that a voice input syste
seeks to interpret everything it receives as a word in its
limited vocabulary: this means that a person thinkina out
loud to himself must either turn off the micro-rhone of the
voice input system or risk havina scme murmarinas accerte
as input if they are close to a stored utterance.



None of these weaknesses of a voice input system
were simulated in the experiment: The keyboard operator
never cl.tered murinurings as a bona fide response; there was
no training other than simply telling subjects to mark the
end of every response with the same word, and the hit rate
on the simulated system was much more nearly perfect than

Are that which a real system could have generated. Because of
this artificially efficient input system, it is reasonable
to believe the response times it yielded are artificially
small.

It should"be noted, however, that the keyboard and
keypad media were not simulations. Also, thecharacteristics of the simulated touch panel, while
minimizing the otherwise real danger of errors due to
parallax (and generating some embarrassment in subjects who
used it), nevertheless was a relatively accurate
reproduction ef an actual instrument. And lastly, the voice
input simulation, for all its shortcomings, still reproduced
the grosser charactericstics of a real system fairly well.
For these reasons the results of this experiment can be
applied to some degree to input media in the real world. It
can, for instance, be safely concluded that, with high
quality equipment and proper training, users of voice input
systems can approach the speed of response exhibited in the
experiment; it can also be concluded that the conventional
keyboard input medium is, for most people, both sufficiently
difficult and irritating to suggest the use of a different
input medium when circumstances permit.

However, again practical considerations should not
be excluded. There is the matter bf expense. Keypads are
by far the least expensive of the input media tested,
available in large quantities for less than $10 per unit.
Next in price are keyboards, currently selling for $50 to
$150 per unit for large orders. Touch panels are higher
still in price, starting at $500 and quickly escalating from
there, and most expensive of all are voice input systems,
priced from $3000 to $18,000. With these ballpark figures
in mind it should be apparent that the quicker response
times of voice input systems are dearly bought and that the
3 to 7 seconds and the freeing of the user's hands for other
tasks gained by their use must be fairly important to
justify the expense. On the other hand, though, these
figures serve to reinforce the commonly observed negative
response to conventional keyboards for training purposes,
since the less expensive keypad can often suffice.

Finally, the purpose of a system should have a
substantial effect on the choice of input media attached to
it. For instance, despite the long response times and low
preference ratings associated with the keyboard, it is the
only input medium of the four tested which would adequately
serve purposes requiring input of free text. In another
situation--one requiring a relatively limited number of



1) -14

responses and undivided attention to a photoelectronic
diqplay--a touch panel would serve best, since users could
respond without diverting attention to extraneous devices.
Touch panels might also be useful for applications where
compactness and portability are critical, since they are not
physically separate from the display. A voice input system
could prove cost effective in situations where quick
response times are important or where the user's hands are
occupied with different duties. The keypad could be
considered the workhorse input system, being suited for
general purpose, limited response applications.

-
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